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^ (57) Abstract: A method of sUmulatmg coalbed (5) methane producUon by injectiiig gas into a producer (2) and subsequently plac- 
^ inR the producer (2) back on production is described. A decrease in water production may also resulL Themcrease in gas productton 
O and decrease in water production may result from: the displacement of water from the producer (2) by gas; the eslabUslunent oi a 
^ mobUc gas saturation at an extended distance into the coalbed (5), extending outward from the producer (2); and the reducDon lo 
^ coalbed (5) methane partial pressure between the coal matrix (1 1) and the coal's deal system. 
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SYSTEM FOR IMPROVING COALBED GAS PRODUCTION 



I. TECHNICAL FIELD 

Generally, this invention rentes to the improved production of coalbed gas from 
substantially solid subterranean fotmatioris including toalbeds: Specifically, this invention 
5 relates to the use of a stimulation gas to manipulate the physical and chemickl properties of 
such subtenane^ formations and to increasing the quantity, quality and rate of production 
ofcoalbed gases associatedTVith such subterranean fbrmationis. • 

, m. BACKGROUND • ■ .'^Vf- V : - - ■ • . 

■ A signifibaht cjiianti^of coalbed gas^fe 
,0 cbalbeds. This coalbed gas, whicH Vdsfomied daring the cdnversioh of vegetable material 

into co^, consists primarily of iftfethanfe- Because it is^piSriarily methane, coal-gas is ^ 

commonly teimed ccialbed methane. Typically; tii6ire thaii:95% of?fhe coalbed methane is 

physically bound (adsorbed) onto the toace df the fcpalbedanatrix. 

Coal may be characterized as having a- dual pordsity characte^i wM^^ 
15 micropores and macropores. The micropore system is cbntained^thin the coal matrix. 

The micropores are thought td be impervious to water, however; the-yast majority of ;h ; ; 

coalbed riiethane contained by the coalbed is adsorb 

micropores. The macropores represent the cleats within the coal seam. Face and butt: cleafe 
are iiiterspersed throughout the coalmatrix and fomi a fracture system within ffie coalbed. 
20 m face deats Wcontfiiuoiis and accoMt for the m 

Btitt cleats are generally orthogonal- to the face cleats but are not continuous within the coal. 
On production, the coalbed matrix feeds the cleat system and the desorbed coalbed gas is 
subgfequently removed from the coalbed at production wdlls 

. . Several impottantpioblems Umit thfe economic yiabihty of coalbed methane 
25 pi^uction. ThefiretisOiehandlingofproduced waterfrom water-saturatedcoalbeds.^ The 
handling of produced water can be a significant expense in coalbed metharie recovery, - hi a 
typical water^saturated reservoir, water niust first be depleted to some extent horn the cleat 
system before significant coalbed methane production commences: Waiter handling 
involves both pumping and disposal costs. If the coalbed is significantly permeable and fed 
30 by an active aquifer, it may be impossible to dewater the coal and induce gas production. 
Production of significant quantities of water from an active aquifer may be legally restricted 
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and may result in lawsuits from others who rely on the afifected water supply. Disposal of 
the produced water can present several problems. The water may be discharged to the 
surface and allowed to evaporate. If sufficiently clean, the water may be used for 
agricultural purposes. Finally, the water may be reinjected into the coal. All of these 
5 disposal methods require environmental pemutting and are subject to legal resstrictions. 
Many conventional coalbed gas production systems only displace water in the vicinity of 
the production well which results in a short coalbtMj gas pi^ 

hours or a few days. One exanople is disclosjed in US Patent No. 4,544.037; Gas production 
stops when the water returns to the coalbed surrounding the production well. 

10 The second problem which limits the economic viability ofcoalb^ gas production 

is maintaining the appropriate remoA^al rate of cpalbedi gas as it is des^ibe^ fix>m the 
coalbedi As the pressure ip the imme^ate yii?^^ a quantity of 

gas desorbs from the coal andbegms to fill fte cleat system. If the water is excluded from 
the coalbed surrounding c&albed gas production weU, and a5 gas desoiption continues, the 

15 gas phase becomes mobile and begins to flow to the low-pressitred producer. With the 
existence of a mobile gas phase, Uie pressure drawdowa ^tabHshed at the production well is 
more efficiently propagated throughout the coalbed. Gas more efficiently propagates a 
pressure wavecompared to watesr bemuse gas js significantly 

pressure decline within thei coalbed continues, gas desoiption, and therefore gas production, 
20' accelerates, j , 

Tfeereisan important relationship between these two present production problems. 
Theiate of gas diffusion from the coal can only he maximized by maintaining die lo;west 
possible production WeU pressure, however, excessively Ipw pressures increase water 
production. Conventional production practices overcome the diffusion-Umiteddcspiptipn of 
25 methane from the coal matrix by using such excessively low production wellpre?sures, or 
do not set coalbed gas removal rates as disclosed in U.S. patent 4i544,Q37, allowing rate- 
cohttoHirig diffusion of coalbed gas and water«ncH>achmBht to limit the economic life of 
the coalbed methane production well. 

A related problem is coalbed stnicture water penneability. Increased water 
30 peimeabihty allows water that is displaced from ascoalbed to return more rapidly which 
results in increased water bandling or a shorter economic lifespan of the coalbed reservoir. 
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Conventional production teehniques do not effectively deal with the water permeabUity of 

the coalbed structure. 

Another conventional coalbed gas production problem is the contamination of the 
coalbed gas removed from the coalbed' with stimulation gas.. As but one example, Amoco 
5 - ProductiGn Co. (Amoco) has developed a method of increasing coalbed methane production 

by increasing the^pressure difference between thecoal mahix and the cleat system . 
. ..^(diffbsional. partial^pressure driving force) (US patent 4;883, 122). As that patent disploses. 
. ;. Anibco injects an inert stimulation gas (such as nitrogen) into an injeetipp.welL Mtrpgen is 
V less sorptiye than coalbed meftane and tends to remain in the cleat space. The injected. 
10 . mtrogen drives the resulting gas mixture to one or more producing wells, wIictc the ipixture 
: /is recovered, atithe surface.. By the ra^ 

approximately 20 volmhe percent nitirogen. The simulated prodi,ction rate profiles resuUing 
from a continuous nitrogen injection are shown in Figure 5. The point labeled P in Figure 5 
is the production rate immediately prior to application of the stimulation gas enhanced 
15 ; meapd.;,As is evident, the increase in gas p 

and substai^ti'al. .Much of tixe^dramatip increase in early-time ga^ production results.from the 
reduction in partial pressure Qfrnetiianein the cleat system. Part, of the improved recovery 
; results.fiomtiiemci^9§einTes^oirpre^sure.t^^ 

thecoalbed, Howev^E, much of the production over t 
2a mm>gen wluQh are substantialb^^ th^n ininimun? stand^rd?^ natural gss. J 

Similarly, other ECBM methods 
,,,pf gas into an injeption well and re^^ 

; ,^gh levels oC contaminating stimulation g^^ in the coalbed gas remov^ at the prpdjic^tion 
well. These techniques generally employ the tise ofCQj pr CPrnitfOg«i mixtures a^, 

25 disclosed by U.S. patents 5,454,^66 and 4,043,395; and, as disclpsed in ari Alb^a Reseaitjh 
,,,Gouncil (press release). GO, is more sorptiye than methane and tends to be adsorbec^.^y the 

: eoal^ matrix. Therefore, the respouse of mettiane; at t^i^ producers is attenuated. Ilow^yer, as 
with the above mentiqned metiiods, these ECBM methods produce, coalbe^ gas ^i^h ^igh 
levels of stimulafioh gas. Therefore, as with the other above mentioned ineti^ods.a gas. 

30 cleanup process is required.. 

Another problem with mjection of stimulation gas into a separate well loc^ted a 
distance from the production well is the production of increased water. In fact, Amoco's 
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ECBMtechmqtieTiiay increase overairwater prodUG^^ the increased quantity of 

coalbcd gas that results fix>m this injection-desorption process may tend to sweei> additional 
quantities of water to ttie producer. 

Yet another problem with convention coalbed gas production is high cost. Many of 
5 the above mentioned methods use stimulation gas at high pressure which reqtiires the u^e of 
expensive, high-capacity, multistage gas compressors. Similarly, other methods Msb iise 
high pressure as disclosed by U.SI patents 5,419,396; 5,417,286; and, 5,494, 108. Ifigfiifeosts 
are also associated with the use ofcaihon dioxide gas as disclosed by U.S. patent 4,043395. 
and in the continuous use of doalbed gases dining coalbed gas production as diStelosed by 
t o teS- patents 4,883.122; 5,014,785; ai^^ , ; . ^v . r- % 

Each of thes6 problems of conv^Onal coalbed j^^^ 
• iiistiant inVentitiri diSbldsed. ■ . . / ; . 

ni. 'mscLosusjE'OFimmmM ; v . % , , v . , . 

' ^ Aebofdiiigly. thb bfdad goal of ih^t fcv^tioh to iiidt^t comM gasMcoveiy 

by stimiilatidn ofthecdalbed foimatioii. Ihe i<iveriti6n imJ)ioyes on the previously , 
mentioned jEClBM recovery techniques. The present ihventipAcompiises< a Variefy of - 
coalb^ stimiiMtioii teciiriiqueg v^^^ are applied to coalbed methane production weils; The 
techniques serve to displace and cdnfine wdtfeif, altfer the permeability of tioalbed fiacture 

20 sysleins. establish optimal cdalbed stimUlatidn gas aintouiits and c«)albed gas removal rates, 
aid a^ a resiilt bperate td liriut Wkter production rates in ^iter^satUrated coalbeds and reduce 
StiMtibh gas content ill pnMUced <^ilbed gas. The methods are simple, ecdnoinical and 
timfe efficient. Nitui^ly. as arM of thesb sevCral dififereW 

aspects dfthfekvention, the objects of the ih^^^ ;v. 

25 Ariothef of the broad objects of the invention is to provide a nume 

which simulated the flow of water and gas phases around wells which communicate with 
coalbed gas. Simulation of gas desorptibii ahd soiptioh betwefen th^coalbed and the cleat 
syst^and th6 iritettelatedef^^^^^ fluid viscbsityi absolute 

permeability and liquid-gas phase permeability allows prediction of Coi^bed gas prtkftiction. 

30 This allows various aspects of the instant invention to be optimized which ^ben used 
sepiiately Or iri Combination increase icda^^ 
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YetattOthtt' objebt of the invention is to^^e^ 
gas stimulation injection wells and coalbed gas production Wells. As mentioned above 
most conventional coalbed prbduction practices use a separate stimulation injection well 
and a-^eparate Coalbed gi^ piddlletion well, this practice leads to a variety of problems^ 
5 with waer-handhiig and contateinatioii of the^albed gaS prodticed. It is therefor desirable 
to establish a method whicEus^i thfeproductioB well for both stimulation gas injeetion and 
aisdfor Boaibed gasriemOvai. ; ' : ' 
; . Ailothet object ofthe ihVeritioh is the cohweni^^^^^ 
or confirtfemenf of waterWhicK surioiirids coalbed gaspit)ductiGnw6Us.W 
10 toihtioned aboveisbothcosay-afid ihconv of displacing water 

••¥#<«hal^e ^of^icoalbedsmro the a[djacent coalbed 

area would eliminate the necessity of handling at least a portion of that coalb^ water. ;^ 
Another object of the invention is to establish a reduced water permeability of the 
coalbed so as to exclude at least ofportipn bflhe displaced M^^^ :A;redU«^ water 
15 peniieabilitycoalbedpteveBtisOr slbwsihera^^^^ 

wells. From the point of commercializing production of coalbed gas. having less water in 
the coalbed gas reservoir tWnsiafes mto less water to handle andto dispoise qf,ihcreased 
coalbed gas recovery, and coalbed bed gas witfi less water content. By eliminating th^? - 
problems associated with coalbed water, production rates are increased, and there is less 
20 cost per unit voliime of production. . ' ; 

An additional object of the invention is to produce clean coalbed gas^firom; a., v 
stimulated coalbed. Coalbed gas containing less than.ab0ut fou5 .per . cent per unit volume of 
coalbed gas does not have to be cleaned up beforeitis.used. Glean coalbed gas, as a result, 
costs less to produce per unit volume than coalbed g^s^p^oduced using conventional 
25 stimulation techniques. A pi^ictable method of producing clean, coalbed gas is therefor 
highly desirable. . . ; : 

AiK»ther object of ^e invention is , to calculate the rate at \yhich coalbed gas should 
be removed fifom the coalbed or other subtetranejm formation. Desorption of coalbed gas 
from coalbed fonnations is a rate limiting step with regard to productioti. Desorption of 
30 . coalbed gas is increased when thecoalbed jsstiiinalated and when the desorbed gas is 
removed. Optimal removal rates of coalbed gdsiirom the production well estabfehes a 
desirable balance between a lowered pressure which induces continual desorption of v 
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coalbed gas from the coal matrix and yet npt so low as to draw previously displaped water 
. back into the coalbed reservoir. 

Another object of the invention is to reduce the cost of ^ 
Most conventional coalbed gas stimulation tedhmques; utilize continuous high pressure 
5 injection of stimulation gas during the prptiuction of coalbed gas- Additionally, many 
techniques utilize purified gas which necessitates fi:ac1ipnation. Qf atmospjierio ga^^^ 
necessitates the long temi use of expensive multistage gas compressors and.:^tjoliation 
equipment.^: Moreover, mmy techniques also reqij^e ^ep^te injjectipn well&an^ 
wells and then subsequent purificfatipn of tiie.produqecicoalbc^ <g^^ As tjjesse^ 
10 techniques:niay be prphibitively escpensiveto us^ The instant invenjtipn^ eKrmnat^is^m^ 
of these expensive featur€;s and steps 

loWer^CjCtet--. --m^ ■ v. v^;.. = ., ■ v;;.. 

IV. r©RiEF DESaUM 
: Figure 1 is a graph:of typical w 
15 techniqueis. ' ' . ^ ; ; , v ^ •^ . 

Figtire 2 is a graph of typical^^Sandstone produ^^ cpnyentional recovery 

tecbniquesi- ..v ^ 

FigUil^3 ]& a^^iawing of a partid^ 

Figure 4 is a graph of the relative ability of water and gas to flow as a fonctipn of the 
20 water saturation of a coalbed. . 

V r> H . Figure 5 is a graph of a siiniulated conventional produciapn history of a cpalfoed 
- *t;jontinuously stiinu^ . . ; 

Figiu^ 6 is a depiction of the dudl porosity stmctureofec^ : 

Figure 7 is a particular embodiment of the ^p^ 
25 water confinement wells. 

Figure 8 is a graph which compares the coalbed g^ 
unstimulated coalbed and a stinaiilated coalbei^gas using aparticulaB embbdim^t of tiNts 
invention with nitrogen. 

Figure;9 is a graph Which conapares thie^eo^b^^^ 
30 coalbed using the inst^tinvtotion which was previously produced by conventional i 
unstimulated coalbed methodSi 
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V. BEST MODE(S) FOR CARRYING OUT THE INVENTION 

As can be easily understood, the basic concepts of the presetit invention may be;; 
embodied in a variety; of ways. It involves both treatnient te^chniques as well as devices to 
accomplish the appropriate treatment. In this application, the treatment techniques are . 
5 disclosed as-part of the results shown to be achieved by the various devices^described and as 
steps which are inherent to utilization. They are simply the natural result of utilizing the 
devices as intended and described. M addition, while some devices are disclosed, it would 
fee uiiderstbod-that these not only accomplish.certain methods; but also can be varied in a 
numberof Ways. Biipoitantly, as to all of,thc foregoing, all of these facets should b?; 
io,.jpders!too44<»be ^<»mpassed byjfl»s^gclosurei, | . 

..Figures ,! and2 are genetallyirepres^ 
for typical coalbed andsjmdstone fonn?itipns. I^od^^^^ formation 
. (Figurp ,1) is characterized by an initial.pe^od of and low gas 

p^uction. The gas,p«)duetion rate, increases; wl^ the partial depletion of water arid the 
IS lowering of#ressure in the cpalbed.. A^,d^befi.ea^lie^;th^ loweFmgofp in 
fte desorptipn of coalbed methariefipin Ae cp^.n^ajtiTK,^ rate falls off in the later 

Stages of produfitipn,,;TMs deplip^^^ %pin ati^lpast two factors: (1) a 

d^letipii of sorbed methane from ttie «)^J,and (?) a ^at^pntrpU^ng difipisio^ or^^ 
the ^^al Aatis, related ^i^? v 

, hi comparison, the g^ pro^uplion frpm^,§|pdstofJ5 fpr^a^on only 
to reservoir pressi^e (Figure 2). 13ie.^ j,s coRtain^i^yitlun tfee^?^^^ 

, ; Gas production is lughesLinitially because resep^off^ content are at a . . 

maximum. Production rate declines ^ gas , cont?;jt a^d, tti.el;efpi:e, r^seryoirpress^e^ . . ^ 

25 declines. Water rate increases as pressure decliiies, either bepause of watCT encroachment or 
because of an increase in the permeability to water a$ the pore spate collapses as sho^yn in 

_ .Figure 4. ... .v-.;: : i : 

The production of coalbgd methpe from a yvateir-s^turiated coal resourqie Avith.the 

instant inyention may involve displacing >yater the production well or \yells . 

30.. without disrupting the.coalbed strucmrp or c;onfinemer\t of the displaced water so that .it. 

does not encroach upon the dewatered coalbed ga^ teser^^ coalbed gas prodjiction. 
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This can be subsequently followed by the following three steps: (1) production of gas and 
lowering of pressiure in the immediate vicinity of the wellbore; (2) the desorption of coalbed 
methane from the coal matrix into the cleats due to the pressure reduction;- and (3) the 
accelerated production of mobile co albed methane gas from the coalbed as the radius of 
5 influence of the pressure drawdown increases throughout the coalbed./rpie presept 
inventidn opemtes to iriiprove the efBciency of aJl these productiori step^: and production 
nieduihiisms. : - / , 

As depicted m Figiire 3, The pir^ent ihventibn stimulates a pit^ticer by mjecting an 
^ptopriate quantity or amount of coalbed sthniilafi^^^ into at least one production 

10 well (2). Thisis a:cc6iiipiished by iisini|^a 

element (3) perhaps joined to the annulai^ regiotf pix>duction well'by a 
icdrifrol valves or bthfer f)rbductit)ti Wefl cbiiJ>liiigSelenieM^(^^^ 

stimulation gias d^fer ele^ stiiiiulation gas 

flowiiliito the coalbibd (5) ih tJie viciinSty 6f the prbdiictibn wdL 6bhceivably, any g&^^^c^^ 

15 be iised, bW the tiiokl presfib^ble is a gas that is leSS Sottptive th^ methane, such as nitrogen 
biit may alra be c^rboii diokide: ThS optinatttii injectid^ gas may be air because it's fl'ee aiid 
k 80% hitFog^. WatCT (5) which is ifesbciated with the coklbed bra part of the coalbed 
sun-oundiiig the pniducribii SpvdlKks ahydilostatiG^p^^ coalbed stiniulatioii^g^ (1) 

cm be deiive to the ebalbMbd if ^ than feat of the hydrostatic pre^ 

20 t^ wMer amid ihe Waiter is'di^laced a di^be froiff the welL "With continued injection^ a 
region of gas saturation is established at an extended distance into the coalbed thereby 
e^tabiishiiig a watCT ^ periiiieter (7): This operation effectively partially de- 

watfers the Goalbied \Kathbut producing Wa^^^ to the sutface. Optimklly, the pr^sure is not 
substantially larger ^hari the h^fe^ I>ressure ofthewatCTso ais h^^ to disrupt the coalbed 

25 stnicfiare. One or more water confinehient ivells (8) may be established a distaiice from the 
produaibn well or at t water displacement perimeter or at the productibn well draniage 
radius to remove water ericrbafchirig upon the productibn well : Removfli of water may be 
accomplished by use of a pump or other water transfer element (9) coupled to the 
coniiiieihent well throu^ a variety of water cbtlfihbnfient cbujjlihg eleinents (10). At least 

30 water is reinbved froiii the conifiriemeht wells alUibu^ gas may also be rbnioved froln the 
stimulated coalbed reiservoir froifi the confihemeiit well ais hecessa^ production 
well in rernoval of coalbed gas from the cbalbed gas resefVoir at the required removal rate 

8 
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throu^ vanoiis cduiiling Elements (7). The afea swfept by the injected coalbed Simulation 
■gas by this m^tiiod may be significantly ^e^ter than the radius of pressure drawdow that 
resulis from mitiidiy de-wateririg a well by conventional production methods. Assuming the 
' ihje«;ted gas is cornpoSed substanti^ly of nitrogen,^^^ coalbed's bleat system is initially 
5 bccupied by a gas thait contains litile methane (15): 

it the time flie ihjectibn of c«alb«i s^ gas ceases and the production well is 

aboiit to bii placed o^^ by lowering pi^ssiire any of the following conditions 

iiWebeeit'cr^tedijrth^ ^ulatc^^^ improvegas 
ptoaiictToiit^eit tli6 p^dtifetioii^Welfr ¥^tie^^^ production rate at; the pfodtitefidn 

JO W^t^m^ared corivmtionk^^^ apartial-saitaratiou of 

c6^b^ stitriumtkJh'g^^^ c^tebfishb^at aflteeteaded dist^ceittto ihe coalbed; Ais a 

resulti tfi^epartial^pfess^^^ This 
saturation will also serve as an efficient medium for tranSfemngthfOugh^ the cleat systerti or 
drawdown the reduction in pressure of water. This drawdown may be accomplished by a 
15 pump or water removal element (12 ) coupled to thdpfoduetidn well vnih any of a variety of 
production well coupling elemaits (13) tbiftyMM^m sirfttiltaneOusly removing coalbed 
gas and Water from the coalbed by ineai^ ojf ttie piibduction well for producer. 

Sect)iid; the Water satiifefioh hds^^e^i3k*iasedj'WMeh.te^^^^ its ability to flow to 
the producer. The ability of water to flow (water permeabiUty of theGoalb.ed>as a fimctioh 
20 of water saturation is conceptually depicted in Figure 4. In a gas-water system, penmeability 
to w^ter drops as the water gdturation dedireases. The ability of a WelMo prbducer water is 
■ directly proportional to the coalbed's pameability to water, as Shown by the equation: - > 

qw = PI X Krw X AP, where - 'I ' 

cjw = wafCT production rate frofri-a producer; 

25 PI =ii pr6ductivity index of the well ; 

i ' Kfw =^= Illative pOTnea^bility to water; 

A? = difference in pressure'betwden producing well and ad^ 

Conversely, because of the increased gas saturation, the pemieabili ty to gas, and therefore 
its production rate, will be increased. 
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Third, the coalbed sliiiiulation gas injected into the cleat system will initially 
promote a reduced methane content (i.e., concentration) in the cleats, which will increase 
the; desorption rate of methane from the coal matrix to the coaFs cleat $ystem by the method 
of paitial pressure reduction. The dual porosity stnie^re in coal is depicted in simple form 
5 in Figure 6, Recall that the cleat system is drained by the producing wells, and notiGe tfiat: 
.the cleat system suixounds the coal matrix. The relative Ipcations where the partial 
presaires of coalbed methane are^ c^ are also shown 

ill Figure 6, During ta^e inj^tio^ phas^^^ stimulation gas replaces 

a pprtipabfrfte w^ as:part of tbQ displacemenj^pn^cg^^ Mtially, the gas in thje cleat 
10 systemc^H contain aJow.pjatigJ 
p^essu]^:p£m^jto 

methaaie iit tiie cleat$.tp Iqapai; .aa^ltl volume j^cti^ of coallsed me^^ 

yshowii byjAefolloi^^ 

Pci^T. . ==^ Abstfli^tepres^^ 
' < '''\ -'^m^^^, VcilvmG fi^tion«f>CpoiJn^ ineasured at the same 

A . conceptual xelatipnship that rel^^^^^ 
20 cleatsias arfuiiction of theii; respective partiaJpies^^ s;hQwn Jt)y the fQllpwing:egi:|^tion: 

Qdsorb = K X (PcoAL - PCH4) where 

Qdsorb = Rate of coalbed methane desorptipn from co^l matrix to the cleat system; 
K = A group of temis assurned to be constmit for this example; 
PcoAL = Partial pressure of coalbed methane adsorbed onto the surface of the coal 
25 , '• ^matrix atra p , . . , • . 

PcH4 = Partial pressure of coalbed methane existing in the cleats measured at the 
" samelocatioii^^ . 
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The above mentioned relatiGnships will show a close dependence between rate of 
desorption and the difference in partial pressure, which is called the difiusioDial, partial- 
pressure driving force. All of the above-mentioned factors should increase the codlbed 
methane production rate and decrease the water production rate. More coihplex 
5 relationships are possible and maylRSquire the use of a numerical siniulator such as 

WRICBM model entitled "Development Of A Portable Data Acquisition; System And 
■ Cojiibed Methane Simulator, Part 2: Development Of A Coilbed Methane Simulator" which 
is attached to this application and hereby incorporated by reference. The equations defined 
T^^tltin ^VlaGBM are tiriie depdnderit, i^^ 
10 WRICBM uses an if ferttive, simtiltainbous method tdr«ahrellhe equdfions fbr iafeh discrete 
volume eleineiitbr<k,albed-charactOTsficofacb 

simplified description of th6 WRLGBMs fdimfulatioii aiadiequatio^^^^ : 

WidCBM indders adtial-poirbsity foimatiorfin^wKicha staitiohtuy, iion-porou^^ hbn- 
permeable matrix communicates with a porous, permeable matrix. The stationary matrix 
,5 represents thecbal. The ^feablematrik represents tfre cdaibea> s cfeat (fiactari^^ system. . 
Water and gaSes only floW v^^thin th^ p«rme^le^m^- Gasds exchange between the ' 
stationary and matrix eletaehtsi This^feature simulates gas dissorptipri/sorption betweeii the 
coalbed's coal and'cleit systemsl The movement C^fgaseS and water phases 
permeable matrix are described by the generally acceptediitiulti^^hase inbdifieatioh of i.; 
20 Darcy flow. Therefore, the trtaisport bf the^fluid^ are subject tb tile. eSfects of p^^ 

gradients for each phase, fluid viscosity, absolute pertii^eabihty, and liquidwgas phase r61ati^ 
' ^eririeability: The Me and quantity of gas desdrptif6n/sbrpti6ii; between^t^^ 

peimeable matrix systems eto optionally bedetertnined by equilibriuiri controlled, psfcudb^ 
unsteady slate cbntrblled, and fully unsteady state ^c^^^ 
25 Eqiiilibrium trahsport assumes that the pressure in the coal is the same as the pressure iii the 

- ^ loeal fi^bfurb system. Thus, there is ho tiiiie delay for gas sorbing or desorbing with respect 

- to the coal: the pseudo-unstea(dy state transp 

sorbed within the coal ^d a diffiisibnal tiniedelay for soibed gas movemenfewithin the 

coal. Fully unsteady state transport assumes a concentration gtadientiof sorbed gas within 
30 the coal element with a diffhsiorial delay for sorbed gas movement within.the coal. - For the 
unsteady state methods, the sori>ed gas concentratiow at the surfaces of each ;coal element 
are fiinctibns of the local partial pressures at the cleat matrix: Partial pressiife is theproduct 
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of the reiseqiVoir pressure and the individualmolefiaction of each gas sped The 
multi^ompQneht, Extended Langmuir relationship relates the quantity of individual gas 
component sorbed to respective gas partial pressure. 

The fpllowing set of equations are solved siiiiult^^ Avithin WRICBM at each 

5 discrete timestep for each differential element of cpalbed;^ 

. . L Material balance for wat^ . : - : 

2.: Material balance foi" each gas coinpoiientpresien%in t^^^^ stationary-matrix^ 
permeable-matrix syst^Ii - . 
As stated previously,vDaicy.flQj^^ with respect to each 

10 differential element's permc^]€^l^^^ Ih^quiantity of g^ desor^ for e^ch > 

cpmponent is repx^ented iji tli§ resp^f^tiye^as^^^^^ 

The rate of gas desorptiop/^sjpipti^i^fjs^diep^ onnthe lpcal partial prejs^e foc c^^ 
rpenneable matrix's^differential-0lement porrespjondmg^^pi^ of each 

components: . /-.'.■v:^ ,, ^ :. = . v - 

15 : ^WMGBM calcula^^es 
way; The calCMation u^es vise 

ph£|se's matrix pressm;e a^ that accounts for thcj- . 

radical nature of the well's drainage,^ Spiji-qe^ienns cb|rple th€i:;»^elljequations to the 
individual material b^aIpM^1e^equ^ :/: ^.-i^^r-..-.'':^.' ^.rh . : ;r-. ■ 

20 Asaresultithe inyentionhas maiiyietiibodim 

different ways to pptiriiize the production of The t^ptioiv selected , 

depend pn:flie: detecmir^ c^iair^terist^ jof^tfefe cpalbed reservpk and the conditipns at the 
prodi^iori well. This model may^ bc^ invaluable in utiUzingithA disclosed absorptipii apd 
desorption mte calculation elements^ water di^lacemen^ Galculatipn elements^ 

25 stimulation:gas amount calculation elements, coalbed ga^ xempy^^ 

and reduced permeability gas pressure caiculatipn elements^ although calculation elements 
may used manually or otherwise. Qptinnzing this process onay require ^ 
r^ervoir engineering and thejuse of a cpalbed m^ . 
One embodiment of the invention viises a production w 

30 stimulation gasi( l)4o the coalbed gas reservoir and for the removal of coalbed gas (14) &Qm 
the coalbed gas reservoir (11). As-mentioned above this approach is different thm inost 
conventional coalbed gas production techniques which use as^arate gas stimulation well 
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and a separate coalbed gas proctiictibri well. Using the production well for both purposes 
eliminates iriahy of the problems associated with conventional production methods which 
include excessive water production at the coalbed gas production Well, (iontaminatibn of the 
produced coalbed gas with excessive amounts of stimulation gas arid the unintended 
5 alteration of the coalbed stoucture to mention a few. With re^d to the instant ihventidri, 
the gas may be injected into the cbaibed for a brief peiiod of tfine through ifie production 
♦ well and the amount Of stimulatioii gas may be limited. TTie producer iniay bfe s^^^^ 
plabeil bkck on prbdtictioii, and iMdramaac increase in cO'alb&l methane reeovfery aind 
reduction in watCT prodiuctioii i^lts. This ap^rdich iniay bg'appffea^b <»alBe^^^ 

10 ^ eithCT ^6staritiaiiy dry S^^^ 

have a portibti or all of tKfe OTalfeed s^tiifeted wih >?i^t#(6)^:" M the forffld' Case^'flib iii(*ease 
in prtfduetion Woiild W si^ifatly involve chiaiige^Jnpedijabiiitj^^t^^ brg^ 
phases but will involve desorptibn ofgasfrom thrcoal'mdtrii^d possibly the immobile 
water, in the later c^e, tfieSji^aiw in the displaced ftom a large area 

15 surrounding the ijroduction well by the delivbiy of the stimulaWoh g&'^to 

well. The de-watered boalbed reservoir vbltime iiiay defikfc;a%ater displaceitibrit " 
■ perimeter (7). This indention or approach may require the use of sunroiihdingproduc^^^ 
wat^r cohfinemerit wells (8) in additioh to the stittiulated wM (or wells). During production, 
of the^imulated wells, thfcse additional prod^icers caii limit the fencroabhm6rit pfwafe^ 
20 has been displaced frOtn the cbalbed by the g^ injktiOn protedure; Used iii the way's ; 
described above, these surrounding wells may be regarded as conventional, unstimuiati^ 
-'ii^ucer^ or as \j^er confinetn^t wells that act as b^ers betWeeti the stimdlated coalbed 
fegion arid the surrounding aquifer. In a particular appliGatidTi Of the effibodiihent and as 
' shown ill Figure 7, the pfbdiictibn well may be located at the behtrbid of a tfect of land; 
25 having ari- area of between approximately 40 ahd 320 acres. The tract of land may bptirnally 
^%Ve a substantially stjuare periiAeter biit this may not necessarily be the case. Water 
confinement wells may be located approximately at the comers of the substantially sqiiafe 
--pferimete^ to remove wata^ehcrbacHiiig upon Ihe de^water^^ surrounding the 

productioii^eil.' The cbalbed may be stimiilated by irije^tittg dbalbed stitnulatibii ga^ 
30 thrbugh the production well fof a brief perioid'of eight to twelve day^ with ah araotmt of 
coalbed stimiilation gas to sweep a substantial portion of the dewatered coalbed reservoir. 
The injection of coalbed stimulation gas hiay be terminated and the same well may be used 
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for removal of coalbed ga? and possibly water at a rate which lowers the coalbed pressure ih 
the coalbed and which is optimally never less than the rate at which the coalbed gas is 
desorbed from the coalbed. A number ofadjacent tracts ofland may be pKxiuced 
simultaneously by this method as yet another application of ttiis same embbdim^t lihis 
5 mefliodmay also be used on virgin or previously produced cpalbedl gas reseryoire, 

A second embodiment of this invention is. to decrease the water penneabilijty of the 
Qojilb^ fprnvation: As mention above and as sfyys^m in Figure 4 increased water contained 
in a coalbed aIlo\ys increased flow of water to thp coalbed.. Penne^bility, as mentioned 
aboye, is also a characteristic, of coalbeds that Jmve had the coalbed structure altered by 
10 spme copvention^^^ghpr^ssttrp i^^^ The instant iny«ition assesses flie 

hydrost^c pressure of vfater associated v?ith the coalbed surrounding a production well. 
Subsequently, a. coalbed stina^l^tioiifegas baimg a pressure greater than the jiydi^pstatic 
pressure but with a pressure calculated to 

injected into the produc^pn^well. A reduced water permeability p^lcujl^tion element may be 
1 5 used tp assist iji the^e calculations. ,The pressure of tlie injected coalbed stimulation gas 
KnMtf^ to a pressure npt^substantian^^ the hydrostatic pressure displaces at least 

a portion of the yirater in tilie coalbed wthput altering the coalbed stracture. The de-watered 
cqalbed having the saroe.stniGtiffe n^a^ To the extent that 

thereduced.water penneability excludes water ^J^^ the cpalbed reservoir the economic life 
20 pf theco^b^d is extended, a reduced voliune ofwaterha^tq be removed by w^^ 

confinement wells, and the coalbe^ gas produced may contain less water. In fact, Qverall 
rwater production should be lower than with any production scheme (ECBM or otheroisfe) 
because of the displacement of water from the coal and the reduced permeability to water 
Water handling costs should be lowCT^ weU, particular^^^^ 
25 coalbed methane produced. Naturally, thjs technique cpuld be used in applications oUier 
than the production of coalbed gas wl^ere water permeability of the subterranean formation 
.i&iinportant. , ... 

Anpther embodiment of this invention comprises maintaimng increased d^sqiption 
of cpalbed gases from the ?wface of the organic maoix of subterranean foiinatioij or 
30 <p^bed. The production of coalbed gas; from-ade-watened cobbed can invol»e:,.(lX 

production of gas and loweringpf pressure in flie immediate vicinity of the wel^ (2) the 
desorption of coalbed rnethane fit>m the coal matrix into the cleats due to the pressure 
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reduction- and (3) the accelerated productibri of mobile coalbed methane gas from the 
coalbed as theradiy of influence of the pressure drawdown increases throughout the 
coalbed. These may be are optimized when the coalbed gas desorptibn rate is known and 
the rembvil rate of coalbed gas from the coalbed is never less than the desorptioh rate from 
5 the surfadeofthe organic matrix of the coalbed b^ 

wtrifewal rates 'ihusl ttot be so great as to lower the pressure of the forrdatibn sb as to draw 
waterintb the coalbed. Oiie aspect of this iWentibh is therefore/am 
^ desorption rate of tiiie cbaibed gias'^frbin the coalbed by calculating a coalbed gas deSorption 

rate at which the c6alW gas diKoAs from^^ Produdng the estirflate/tnay invo 

10 theuse ofadesoiptiohratecalcula^^^^^^ Based brt this eStiiri^^^^ 

rembVkt fate is aUefmined which is optiiiially liWbr less than the calculated coal^ ga^ 
desorptioh rate. Detetmi^ 

removal rate calculation client: Subsequently, the coalbed gas is removed from the 
prbdufetibn well at tfed balculated cbaibed giais removal rate: Since this removal ra:te may be 
15 calculated to be a value not substantJally rate the coalbed may ^ 

have a pressure which^mduces^tt^^ least amount of Water to be drawn into the cdalbed. The 
Sivater confinement wdtts ihay iaisb be lised to assist in ttie removal of coalbed ^ to :, 
maintain or establish a rediife^ 

slimiilated production wells. ' - : : ^ 

20 in ari additioiidl ei^ m apprbpriate-miibunt : 

stithulation gas to be used based upon detennined characteristics of the coalbed. (Me siUch 

- characteristic itiay be sbrbed coal gas volume although other characteristics could be 

V ' determined and additionally the characteristics may be interdependent on bne anbthfe ^ 
SiriiiilatibiiS may have to be run tb weigh these characteristics to estimate the stimulation 
25 gas having ^ appropriate amouiit tb stimulate the cbaibed reservoir. Because the amount of 

- ' stimulatibii gas estimated is the minimum amount to stirnulate tfie coalbed gas reservoir, 

coalbed ^aS removed from the production well may not require cleanup for pipeline use. In 
^imulatibris of the present mbthodv;rith riitrogen^ tlie nitrogen content of the ihitially 
produced gas may be less than ten volume percent and optimally less than four volume jper 
30 cent, under stable stabilized coalbed gas removal conditions, and the percentage may. 

decrease With tinie: The cleian coalbed gas havihg lov^^ levels of contamination by nitrogen. 
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results from the limited quantities of stimulation gas injected and it^ dilution from the large 
quantities of the coalbed methane gas niixture produced after stimulation. 

In yet another embodiment of the invention, the stimulation of a producer may be 
accomplished by mechanical or chemical alteration of the coal and co2ilbed*s physical 
5 structure. These stimulation methods employ high pressure coalbed stimulation gas, acid 
treatments or other coalbed alteration elements to induce fracturing and creation of cavities 
(cavitation). These forms of stimulation either extend the well's drainage radius by 
irnpro^OTg the coal's absolute permeability or increase the well's productiyity index. Thus, 
the mechanical and chemical techniques stimulate wells differejutly t^^ 
10.. invention, apd should be considered as a separate aixd distipct metfiiiQ^ of enhanping . 
prodjuptiQU.. However, it may be possible to aphieye a %lher increase in ]prpj|i|Qti^^ 
applying the present iiwientipn; in addition t^ a mec^ o?:che^acat stinmlatiqn . In any 
case^ ^ Jiimted d^gjree pf fi^cturiiig may occur m the immediate \icimttjf .of the :>yell:^ 
whpn the present invention is applied to a soft cpaL ITiis i^unpr degif^ of .§actuiing is. 
15 probably a?i unayoidabliB^^^ . 
: : Jta anpthCT encibodim a field 

may be: stimulated simultaneously. This technique would de^water a large pprtion,pf the 
reservoir before the coimnenceine^^ The period of gas; injection: jcpi^ld be 

increased at a central well or to establish gas saturation at siyronn^g pi-oducers. This 
20 tecluuque may deTvwater a la^^ of the cpalbe:d ^sing a single well. A single well 

: within a pattern could be stimulated for a liniited period before feeing placed on.prqdyction. 
In tins case, the outer wells could serve as Carriers to prevent water encrpaqlunent arid to 
ftirther= -reduce the overall pressure in the reservoir.- FmaUy, axentriii re^ of the re$ervoir 
comprising several wells:can be de-watered by gas injection, and a, §urrovmding pattern of 
25: . unstimulated producers can be used to prevent water encroachment intp the de>yatered .area. 
In yet another embodiment, the stimulation tech^ 
partiGular well (or wells). The technique may also be used on wells that were pi;eyiously 
produced by conventional means and are therefore partially de-w^ The increase in 

recovery may lUot be as dramatic as its applicati on to a virgin resen^oix, but it may 
30 significant. , . 

In many of the above mentioned embodiments the stimulation coriipressipn costs are 
significantly reduced. This invention does not always employ high injection pressures. In 



16 



PCT/USOO/17411 

:\V6 00/7909? 

feet, it is liipst efficiently operated l?y maintaining the lowest possible processing and . 
res Wir pressures. It is only necessary, to moderately exceed.the prevailing hydrostatic 
gradient. In aidditipn, the gas injection (or stimiilation cycle) is only perfomied for a brief 
period. In cpinparison. a typical ECBM procedure requires continuous or almost continuous 
5 : injection at high injection pressures and gas rates to drive the gas mixture to tfee producer. 
Lastly, this invention may be applied to any reservoir material or subterrqneaii 
fQimation wfhose gas is physically held (so 

can be released by a reduction in pressure. In this manner w^ter associated >yith a portipn of 
V the coalbed is displace ayray from th^ . : > , ; • 

The foUoynpg exaiiffiles of ^^^^^^ 
simulation are repr^entatiye and dom 

this invention. A stimu|ation,gs»s.i^appUe(i tp aproductjpn:^^^^^ 

. repeated pattern of producers on 320-acre spao^g? as. sh^^ .7 - . the. coalbed is 

,5 folly water-saturated>and has riot been p 

coalbed is I Darcy, and its depth i&700.ft.A stimulation of the coalbed reservoir is. 
. performed by ittjecting 60 thousand standard pubi? fcqt^p^ day for IQ^ 
subsequently placed on production for theremainde^ The cumulatiye co^^bed 

methane production as a function df time is shown,ir» Figure S. ^y so . shpy^ 
20 the cumulative cpalbed methane production tha^results from.?:^^^^^ 
* procedure; >The stimulated well yields aSO-fpld 

.^xomparedto the conventionally produced well. The gas: Ayajer Stini«l9ted and 

*.unstimulated wells were 3.9 and 0,12 mscf^^^^^^ The maxiinmn nitrogen 

content in the stimulated producer's product gas was 3.0 volume percent. This example 
25 .demonstrates the dramatic increase in coalbed gas production that are possil?le with ftis 

inv^tion. It is alsoillustrative of the potential commercial benefit that can be derived.from 
. the production of clcan.cpalbed^g that^.dpts not require any furt^ier cleanup prior to.; ^ 
introduction iiito a gas supply pipeline. 

>M .a secpnd example, a stiriiulation.was perfo^^^ 
30 production by a conventional depletiPn method for one year. The reservoir description and 
production well pattern are the same as for the first example. A 1 0-day stimulation was 
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performed as before. The cumulative pr6ducti6ii history for the stimulated well and thb 
well that is continuing to be produced on primary are compared for the second yem" of - 
production as shown in Figure 9. The stimulated well produced 40 volume percentmote 
coalbed methane. The gas: water ratios for the stiiiiijlated arid UHstimulatba pixxedur^ . 
5 wdfe 8.7 OTd 6.1 mscfi^bl, respectively. Themaxim^^ 

produedr's product gas was less than 5-0 vohtaie pfertent This example demonstrates that a 
substantial increase in cbalbfed methafle pifoductioii isixissible when th6 te61Mq^^ 
tb 21 Well &ati^ already under production^ ^ 

It should be undrastood that the aj^iawtuseS ah^^^hethods o^ 
10 present invention and many of its attendant advantages will be understood fiom the 

foregoing description and it will be apparent that various changes may be made iii tiiei fomi, 
constJiictidh and arrangemeht of the'patts tfii^mf iwfliotit deji^ting fiorii tiie sjiirit and 
scdpeof tfieiiiventibn orsa^aifidngairof itsmateriatadvantages, t^^'fo hereinbefore 
dracril>edi>eiiig merely a pfreffe 
15 Pa«*GuIart^^it should be underst^^^ 

invehtibn, the ivbiids for eacti eleni^t may Be repressed by equivalent apparatus terms or 
methOtft^s-eveh if onfy the function ortesult is the same: Such equivalent, broader, or 
dV^d Mdre generic teims shoiild be cOnsidei^to be encompassed in the description of each 
element or dbtion: Suchtehtis can be^subitituted where deaf ed to make explicit' the 
20 implicitly brbad coverage to which tMsiinrentidn is e^^^^ As but one example, it should 
be ueidefstood that all action may be expressed as a means for taking that action or as an : 
element ij(^hich causes tiiat abtiOil. Similarly, each physical element disclosed should bfe 
imaer^ood to encompass a disclosure of the action which that physical element facilitates^ 
Regarding tiiis last aspect, arid as but one example the disclosure of a ''stirnulated «oalbed 
25 reservoir" should be understood to encompass disclosure of the act of 'Stimulating 
Goalbed reservoir''-whether explicitiy diseussed or 

disclosure of the act of "stimulating a coalbed rfeservoir'*, such a disclbsiire should be 
understood to encompass disclosure of a "stimiilated coalbed leserVoii^. Such change and 
alternative terms are to be understood to be explicitly included in the description. 
30 Additionally, the vanouS combinatibnsand perniiitations of all elements or aiq>Kcations can 
be created ahd presented. As to the claims* Use of the term -eOmprise'* or variations such 
as "comprises" or "comprising", unless the context otiierwise requires, these terms are 
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intended to imply the inclusion of a stated element or step or group of elements or steps but 
not the exclusion of any other eleiiieht or ^tep or group of elements or steps; Such terms 
should be interpreted in their most expansive form so as to afford the ajpplicant the broadest 
coverage legally permissible iii cdtintries such as Australia kiid the like. 

5 Any references ni^tioiidd; including but hot limited to theVreferehces in. the 

application to a •>Devel6pttfent Of A Portable Data Adquisitioii Syst^i Aiid Coalbed 
Methane Simulator, Part 2: Development Of A Coalbed Mfethaine Siinulat6r'%^ hereby 
incorporated by reference or should be c6iisidCTsd^aiS':a^^ text of as an additional 
exhibits or i^cMients tb this iappUcation to the ra^^ to the extent 

10 statement^ ihi^t be cdiyid^r^ fticdnsist^^ invention(s) ; 

such statements are expressly hbf to life cdhsid(^ is ihide by ^^^^^^^ Further, flie 

disSlosvii^^ should be iihd ^uj^ptert Tbi' eacK T^^^ component; and step 

shown as separate and independent invemfibris as Well ais tHe and 
perinutations of each: 

! . ■ . ' 
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VI. CLAJMS..; ., •• 

1. . An apparatus for coalbed gas productiotij ^c^ : - 

. a... • ■ . a coalbed; . . : 

b. coalbed gas spit>Qd to coal in said coa^^ V;; ; ^ 

5 Civ wat^r associated with at leastapart ofsaid-C^^^^ 

d.- ■ at least one prcMiuction weU which conimim 
; e. a coalbed stpaidatipag^is; / . ; ;v ?. 

i:^ v V a stimidationig^s^tra^^ ^ ■ . = , , . 

. gv:; : , a productipn.^ell c^uplpg ^lement re^ppsive^ t^ said $j^Blatiop g^v 
• 0 * } .-transfer ele|ngnt;.w)^ch: deUyi^^^ sti^nulatipia g;^ to sfmd; coalbed. >!ydthin, , 

r , : h.*fj „ .a w^ter disF#p€^^ 
^ . . , a stimulated .coalb 

j. at least one water confinement well communicating with said cqalbed located 
15 distance from said at least one productiori well; 

k. ' at least one water transfer element; 

1. at water confinement well coupling element responsive to said water transfer 
element and to said at least one water confinement well; 

m, coalbed gas desorbed into said stimulated coalbed gas reservoir; 
20 n. at least one coalbed gas removal element; 

o. at least one coalbed gas removal element coupler responsive to said at least 
one coalbed gas removal element and said production well; and 

p. at least coalbed gas removed from said stimulated coalbed reservoir throu^ 
said at least one production well. 

25 2. An apparatus for coalbed gas production as described in claim 1, wherein said water 
associated with at least a part of said coalbed has a hydrostatic pressure and wherein 
said coalbed stimulation gas has a pressiure greater than said hydrostatic pressure 
which displaces said water. 
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3. An apparatus for coalbed gas prbduction as dejscribed in claim 2, wherein said 
coalbed siimulation gas has a water displacement pressure not substantially larger 
th^ said hydiroistatic pressure. 

4. Ah appai^tii^ for coalbed gas proidUctibn as described in c 3, wherein said at 
least one water confinement well removes at least a portion of said displaced water 
encroaching upon said at least one production well. 

5. - Ail apparatus fbri:6ail)bd ptoAiictibinL 2^^^^ 4;whesr^rtsaid at 

lekst one water cohfinemdit Well has Ibcaitioii bn about said water displacement 
^ ^eiinietersurro&di^ ■ 

10 6. An apparatus for coalbed gas production as described in claim 4, wherein saidat 

least one prodiictibn well has a locaitidn at about a centroid of ah approximately 40 to 
320 acre tiract o^f land: 

7. An apparatus for coalbed gas production as described in claim 6v wherein said 
approximately 40 to 320 acre tract of land has a substantially square perimeter. 

15 8. >ui^^tt^sft)tct^ 

ap^troxim^tely 40 to 320^ci^e tiraet of land having a substanti square perimeter is 
adjiceiit to a another approximately 40^t^ 

substantially square perimeter having a production welli ^ ' ; !■ 

9. All apparatus for coalbed gaS prodiictidh as desciibM in claim: 6pwherein said at 
least one water confinerrieht'Well has a location at the extent of said apptoximately 
4(>ta326acretractbf land. — * - ^ ^U-v;: ; 

10. An apparatus for coalbed gas production as described in claim 4, wherein said at 
least dne production well further comptisiiig a drainage radius and. said at leastjone . 
confihemerit well has a location at about a boundary of said drainage^radius.. 
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11. An apparatus for coalbed gas production as described in claim 4, wherein said 
stimulated coalbed gas reservoir has deteraiined characteristies used to calculate an 
appropriate amount of coalbed stimulation gas to stimulate said qpalbed gas 
reservoir having said determined characteristics so as to produce coalbed gas 

5 containing less than four percent stimulation gas per umt vojur^ie under stabilized 

coalbed gas renioval conditipiis. - 

1 2. An apparatus for coalbed gas production as described in claim 4, wherein said 
coalbed stimulation gas is arir amount apprppri^te^to stj^ said coalbed gas 

rreservoithaAringsmd determined so 93 to produpecq^bed gas 

10 containing less than ten percent sthnulatipn gas pa- unit vpjuine^m^ sfcEdbilized 

coalbed gas removal conditions. 

^13. V Air apparatus for cpalbed gas. production as described in,plaim 11 , Ayherein said 

coalbed stimulation gas transfer element delivers said coalbed stimulation gas to said 
coalbed in a vicinity of said at least one production well for a duration of about eight 

15 to thirty days. 

14. An apparatus for coalbed gas production as described in claim 1 1 , further 

* coinprising a-i:alGulated coalbe4 gas desorption rate >^ s^id coalbed gas 
: desorb& froin smd coal and ^ 
calcYilated average coalbed, ga$ removal rate which is neyor lesf^^^ said calculated 
20 coalbed gas desorptionrate^ ;:■ . c_ ^ 

1 5. K An apparatus for coalbed gas production as described in claiin 14, further 

comprising at least one coalbed gas removal elepaenjt fluidically CQi;pled to said at 
least oiie confinement well which assists said at l^ast^pne c«?ilbed gas re 
element to remove coalbed gas at said calculated coalbed gas removal rate. 

25 16. An apparatus for coalbed gas production as describe 

coalbed stimulation gas has a pressure calculated to avoid altering the structure of 
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said cbalbed and wherein said stimulation gas pressure induces a reduced water 
permeability to said stimulated coalbed gas reservoir. 

17: An apparatus for coalbed gas production as described in claim 1 6, firrther 

comprising a coalbed structure alteration element which acts after a pdrtion of said 
coalbed gas is removed from said stimulated coalbed reservoir. 

18. An apparatus for coalbed gas production as described iii claims 1, 3, 4, 11, 14^ 16, 
wherein saia coalbed sthnulation gas is selected from a group consisting of nitrogen, 
c^bon dioxide, air 6r a gas less isorptive to coal than methane. 

1 9. An apparatus for coalbed gas production as described in claim 1 8, wherein said 
cdalbed has previously hadcbalbed gas tanoved . prior to delivery of smd coalbed 
stimulation gas to said coalbed. 

20. ' A iitethod:of producing icddb which comprises the steps of- 

a. locating a coalbed haying coalbed gas sorbed to coal; 

b. establishing at least one production well cornmunicating with said coalbed; 
15^ . & establishing at least one wa^^^ 

coalbed at a distance fronfi said at least one produc^^^ 
V dt : : injecting a coa:lbed stimulation gas to said coalbed through s^^^ 
.,..,> :.; ... twell;.* ; • • - • ^- - ■ " • 

e. displacing water in said coalbed Smroundirig said production well Avith said 
20 coalbed stimulation gas; 

: }if. -:establishingawatef displacemenfpen 
production well; 

f g. • Stimulating said coalbed within said wiater displacement perimeter with said 
stimulation gas; 

25 h. desorbing said coalbed gas sorbed to said coalbed; and ^ 

i . confining said water displaced from said coalbed surrounding said at least 
-one production well; and 
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j. ;. remoying at least said desorbed coalbed gas i&om said coalbed through said 
at least one production well. 



21. A method of producing coalbed gas as described in claim 20, wherein said steps a to 
j occur in that order. 

22. A method of producing coalbed gas as described in claim 21, wherein said steps g, h, 
V i and j occur about simultaneously. . . 

23. A method of producing coalbed gas as described jui claim 20, wherem; §aiid step of 
displacing water in said coalbed surroimding said production well with said coalbed 

! 0 • stimulation gas comprises using coalbed stimulation gas haying-a water 
: v> displacement pr^sure not substantially !^ 

24. A method of producing coalbed gas as described in claim 23, wherein said step of 
establishing said at least one watar cojEijg|nei^^ well communicating wth said ; 
coalbed at a distance firom said at Ibastonefpmduction w . 

15 : 25.: A method of producing coalbed.gas as described m clainpi 23^ wherein si^id step of 
establishing said at least one water confinement well comniunieiating with said 
coalbed at a distance jErom said at least one production well comprises locating said 
at least one water confinement well at a boundary of a production well drainage 
radius for said at least one production well;. 

20 26. A method of producing coalbed gas as described in claim 23, wherein said step of 
establishing at least one production well comprises locating said at least one 
production well at about a centroid of an approximatd^^ 

27. A method of producing coalbed gas as described in claim 25, wherein said 
establishing said at least one production well at about said centroid of said 
25 approximately 320 acres comprises esta:blishing a substantially square perimeter and 
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estabiishirig said at least bne wat6r confihement wesUs at each comer of said 
substantially square perimeter. 

28. A method of producing coalbed as described in claim 24, which forthet 
comprises the steps of : 

a. detennining a characteristic of said stimulated coalbed; and - 

b. calculating an appiopriiate amount of coalbed stimulation gas so ks to 
produce co^ed gds containing lesli than about four percfent Stimulation gas 
pfer unit volume under stabilized c6alb©a gas rahovail coriditionis; 

29. A method of producing coalbed ^ as described iii claSitt 28, wherein said step of 
calculating an appropriate amouht of coaiijfcd sfimulation gas comiinses calculating. . 
said appropriate amount of coalbed stimulation gas to produce coalbed gas with less 
than about ten per cent stitnUlatibh ga^ perraiiit volUihe under stabilized coalbed gas 
rOTioval conditions. 

30. A method of producing coalbed gas as described in claim 28, wherein said step of 
caibiilating^ appropriate ambuht of cd^bfed stiihulatibtt gas comprises calculating 
said appropriate amount of coalbed stimulation gas to produce coalbed gas with less 
than about ten per cent stimulation gas per unit volume under stabilized coalbed gas 
removal conditions. ■ : 

31. Amethodofproducing<k)iilbedgasasdesOTbea^ 
: calculated coalbed gas desoqitibriTate at which said coalbed gas desorbs from said 

coal and wherein said coalbed gass^dval eleitteftt has a calculated average coalbed 
gas rernoval rate which is never less than said calculated coalbed gas desorption rate. 

32. Amethodofproducingcdalbedgasasdeseribediriel^^ which fiirther 
comprises the steps of: ■ ' • . . 

25 - a. injecting a gas Into said coalbed thro^ 

injection gas pressure sufficient to reduce the water penrieability of said 
coalbed; 
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b. displacing said water from at least a portion of said coalbed witliont 
substantially altering said coalbed structure; 

c. reducing the water permeability of said coalbed; 

d; - excluding at least a portion of said water from entering to said reduced 
5 permeability coalbed. 

33. A method of producing coalbed gas as described in claim 32, which further 
comprises the steps of injecting a gas into said coalbed through said production well 
having an injection gas pressure sufiBcient to cayitate said qoalbed. 

34. A method of producing coalbed gas as described in claim 20, which further 
IQ 4. . . ..comprises repeating.steps a through j on the saprne.production weU... 

35. -. ; . A method of producing coalbed gas as described inclaims 20, 22, 23, 28, 30, or 32, 

wherein said coalbed stimulation gas is selected from a g'oup consisting of nitrogen, 
earbon,dioxide, air or a gas less sorptive to coal than methane. 

36.,' . ... A coalbed g2^prpduce4 in acwrdance with the method of claims 20, 22, 23, 28, 30, 

37, An apparatus for coalbed gas production, comprising: 
a. a coalbed; 
. b; coalbed gas soAed -to coal in sai^ 
: : : . c. . at least one prq4uction well wUpb p^^ 
:: 2q / : d. / :a coalbed gas reseryoirhaving deterniin^ 

■ e. . a coalbed stimulatipii gas of having an amount appropriate to said 

determined characteristics of said coalbed gas reservoir; 
=f . a coalbed stiinxilation gas transfer elcm - 

g. a production well coupling element responsive to saad stimulation gas 
25 transfer elem^t wluph deliver said stimulation gas to said coalbed in a 

. vicinity of said at least one prodyction w^ . 

h. desorbed coalbed gas from said coal in said coalbed gas reservoir; 
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i a coalbed gas removial elfcrhfcnt; and 
j, at least clean coalbed gas. 

38. An ^paratus for coalbed gas prdductioii a^ described in claim 37, wherein said 
coalbed stimulation gas is an amount appropriate to stimulate said coalbed gas 

5 reservoir having said determined characteristics so as to produce coalbed gas 

cbntsrining less thai about four percent stiihulatioii gas per tinit volume under 
^' stabifeea coilbed giis removal <»naiti5iis. 

39. An apparatus for coalbed gas production as described in claim 38, wherein said 

,0 " - tfeServbir having sai^^ 

containing less than about ten percent stimulation^ per iinit volume under 
stabilized coalbed gas removal conditions. 

'40. Anapii^tusfbrfcb^^^^^^^^^ 

comprising a calculated fe«i^^fca«todeS6ii^^ atwMch said coalbed gas 
desorbs from said coal and wherein said coalbed gas removal element has a 
caculatedaveragfe6iia^^^^ 
■ coalbekgasdesbrptibiiipaite-"- 

41. AnapparatusforcosabfedgMpttJauctidn^^ 

comprising: 

water in at least a portion 6^^^^ ' 

• ' 

c. at least one water confihement well w^^^ ^^^^'^ 
to remove water encroaching on said water displacement perimeter. 

42: An apparatus for coalbed gas prodiietidn as desc^ 
25 least one water confinement well which commnnicates with said coal is located at 

said water displacement perimeter.- 
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43- An apparatus for coalbed gas production as described in claim 41, wherein said at 

least one coalbed gas removal element coupled to said at least one confinement well 
assists said at least one coalbed gas removal element to remove coalbed gas at said 
calculated coalbed gas removal rate which is never less than said calculated coalbed 
5 gas4esorption rate. 

44. An apparatus for coalbed gas production as described in claim 43, wherein said at 

least one production well has a location at about a, centroid of an approximately 40 to. 
320 acre tract of land. 

45:-; An apparatus forxpalbed gas prpd^^ said at 

10 least one? water confinenient well has a location at the extent qf said approximately 

4ato320acretracto£land. . :: / 

46. An apparatus for coalbed gas production as described in claim 41 , wherein said at 
Jeaistione water confin^nient/well has. a lp^ at about a boundary of a production 
welMr^^^ge radius for said at 

Vs : 47-^ " An appiaratus;for:coalbie4^ g^ in claim 41 , wh^^^^ said 

coalbed stimulation gas has a pressure calculated to ayoi^ ^^^^Ipring; the structure of 
said coalbed and wherein said stimulation gas pressure induces a reduced water 
perttieability to said.stim]ulated c;Gall>ed gffs reservoir. 

48. An apparatus ;forxoalbedga3 production as.desciiljed m claim 47, further 

20 comprising a coalbed structure, alteration element >ybich acts after a portion of said 

^ coalbed gas is. ronoved fit)m said stimu^ 

49. An apparatus for coalbed gas production as described in claim 45, wherein said 
approximately 40 to 320 acre tract of .land h£is a substantially square perimeter, 

50. An apparatus for coalbed gas production as described in claim 49, wherein said 

25 approximately 40 to 320 acre tract of land having a substantially square perimeter is 
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adjacent to a ahother appioxiinately 4a 
substantially square perimeter having a production w 

51 . An apparatus for cdalbed ga§ production as described in claim 37, 38* 40; 41 , 42: or 
43;Wherein said coalbed stimula^on gasis selected^ 

nitrogen, carbon dioxide, mr; or a gai leS^ sorptive to coal than mettefte. 

52. A metiiod of producing coalbed g^is, wWeh bbinpnses the stefis of: 
a. locating a coalbed having coalbed gas sorbed to coal; 

- b: establishing at Ifeast o^ie prbductibii WeU to cdhimiitticai^ witosaid coalbed 
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54. 
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'•■gas;- ' ■■ ■• " • ' ..^ ' . 

determiiuiig a chatfSetdisti'd^^ ~ ' . ' ' • ' 

d. calculating an appropriate vohime of a coalbed stimulation gas to inject into 
said codbedh^iatig saitfxihjffaft^ 

e. ' mjbcting said ii^culated voW^iof siid siiiiilatiiig gas ihtb- said ebalbed 

reservbin 

f. stimulating said coalbed gas reservoir; 

g. desorbingit le^t ip^^ of said coklbed gaS'sorb^ oiito M msaid 
■ stimulatecl cOalbed reserVoirV^^ '" ••■ y < 

h. ' removing halted ga^^ fr^ 

'irmethodof piaucing ^beci gas as ^e^cribed iff Ola^ stejj 6f 

calculating said appropriate volume of said stimulation gas tci' inj ect into said 
coalbed ga^'reservoir comprised calculating said voliune of Said stimulation gas 
which results in prodvi^ced coalbed 

about ten per cbnt stimulation gas per unit v61ume of produced boalbed gas. 

A method ofproducing coalbed gas as fccrib^^^ said step of 

calculating said appropriate volume of said stimulati on gas to iiiject into said 
coalbed gas reservoir comprises calculating said volume of sad stimulation gas 
wWch results in produced coalbed gas from said production well having less than 
about four per cent stimulation gas per unit volume of produced coalbed gas. 
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55. A method of producing coalbed gas as described in claira 54, further epmprising the 
step of using a stimulation gas amount calculation element: 

56^ A method of producing coalbed gas as described in claim. 54^ which further 
comprises the steps of calculating a coalbed gas desorption rate at which said 
5 coalbed gas desorbs from said coal and wherein said step of removing coalbed gas; 

from said coalbed reservoir has a calculated average rate which is never less than 
said calculated coalbed g2^ desoiption i^e. , . : 

57. H nxethod of producing coalbed-gasj^ described in claim 56,^ said step of 

removing coalbed gas from said coalbed reservoir at said calculated coalbed gas 
10 removal rate comprises ^r^pving coqlbed gas, Scorn said water confinement wells, 

58. A method of producing coalbed ga3 ^3 de$mbed in claim 57, wherein said step of 
: ■ caipiilating gaid 4espiption rate aj ,-^hich said coalbed gas desorbs from said coal 

further comprises using a desorption rate calculation element. 

59. A naethod of producing coalbed gas as described in claim 57^ wherein said step of 
15 removing coalbed gas from said coalbed reservoir further comprises calculating a 

coalbed gas removal rate using a jgas removal rate calculation element: 

,60, A method of producing coalbed gas as described in claim 50, which further 
coinprises the step? of: 

a, ^locating water mat least a portion of said coafc^ 
20 . b. calculating a. water displacement pressure not substantially larger than said 

hydrostatic pressinre to displace at least a portion of said water firom said 
coalbed gas reservoir; 

c. displacing said water in said at least a portion of said coalbed gas reservoir; 

d. establishing a water displacement perimeter; 

25 e. establishing at least one water confinement well to communicate with said 

water located at about said water displacement perimeter; and 



30 



„^^^Lu^ PCTAJSOO/17411 
WO 00/79099 

f. maintaining said water idiq>li:e^ 

encroaching upon said water displacement perimeter. 

61 • A metl>od of producing coalbed gas as deiscribed in claim 60, whereiii said step of 
calculating said water displacement pressure ridt substantially 
hydrostatic pressuire to displace said water (comprises using a watar displacement 
calculation element. 

62. ' A method of producing coalbed gas as described in claim 60, which further 
' comprises the steps of: 

injecting a gas into said coalbed having ?^ ihjectibn gas pres^re sufficient to 
reduce the water peraieabiUty of saad corf^^ v . . i 

b. displacing said water from at least a portion of said coalbed without 
substantially altering said coialbed striictiire; 

c. . redubingthe water permeability of said coalbdd;-^-.- ^ 

d: ' excluding at iea^t a portion of siid wktie^ . 
permeability coalbed, 

63. A method of producing coalbed gas as described mdaim 62, whereiri' s^d step of : 
injecting a gas into said coalbed having ah 

the water permeability of said coalbed comprises calculating a approximate 
minimum stimulation gas pressure to reduce the water permeability of said coalbed 
reservoir. ' ^- . ■ : 

64. A method of producing coalbed gas as described in claim 63 , wherein said step of > 
calculating a minimum stimulation gas pressure to reduce the water penneability of 

: : said coalbed reservoir comprises using a reduced permeability gas pressure 
calculation element. 

25 65. A method of producing coalbed gas as described in claim 63, which further 
comprises the step of cavitating the coalbed gas reservoir. 
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66. A coalbed gas produced in accordance with the method of claims 52, 54, 56, 60, 62, 
or 65. 



67. A method of producing coalbed gas as described in claim 52, 54, 56, 60, 62, or 65, 
wherein said step of establishing at least one production well comprises locating said 

5 at least one production well at about a centroid of an approximately 40 acre to 320 

acre tract of land. 

68. A miethod of producing coalbed gas as described in claim 67, wherein said step of 
establishing a.t least one water confinement well comprises locating- four: water 
confinement weUs located at^ 

1 0 taicompassing said approximately 40 acre. to . 320 acre traot of land. 

69. A method of producing coalbed gas as described in claim 68>;. which further 
comprises the step of locating said at least one production to another 
approxirnately 40 acre to 320 acre tract of land haying a production well. 

70. A method of producing coalbed gas as described in claim 69, wherein said step of 
15 injecting a stimulation gas into :sa(id coalbed 

stimulation gas selected fiom a groupvCpnsisting of iiitrogen gas, carbon dioxide gas, 
air, or a gas less soiptive to coal than meth^ 

71. An apparatus for coalbed gas production, comprising: 
a. a coalbed; 

20 b. coalbed gas sorbed to said coalbed; ^ ^ . ^ 

c. atJeast one production weU which communicates with said coaJ 

d. desoibed poalbed gas fiom said coalhqd: having a calculated gas d 
rate; ^ ■ 

e. a desorbed coalbed gas removal system having a coalbed gas removal rate 
25 which is never less than said coalbed gas desorption rate; r 

f. a production well coupling element responsive to said desorbed gas removal 
element and said production well; and 
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g. coalbed gas removed from said coalbed gas reservoir. 

72. An apparatus for coalbed gas jproductiori as described in claim 71, wherein said at 
least one production well has a location approximately at a centroid of an 
. approximately 40 acre to 320 acre tract of land. 

5 73. An apparatus for coalbed gas production as descri^ 

approximately 40 -acre to 320 acre tract of land has a sut>stantially square perimeter. 

74. -An apparatus for coalbed gjaspToduction as de^^ 

approxiinately 40 acre to 32^ 

periineter.^as a location adjacent to a^^ acre tract 

10 of land having a production well. 

75. An apparatus for coalbed gas production as described in claim 74, 

injecting a coalbed stimulation gas into smd eoall^eid resen^pir co^ injecting a 
coalbed stimulation gas selected from a group consisting of pitrpgen gas, carbon 
dioxide gas, air, a gas less sorptive to coal than methane. 

15 76. I All apparatus for coalbed gas production as de§Q claim 71^ fui^pr . 

comprising:.;. ;.-:-.^:.v'.. . ^f:- >..k::v 

a. . a cpalbed stinmlationga?;^ :^ . v.: r ; ^^ v:i ^ ^^ 

b. : . a coalbed stimtilation gas transfCT 

said at least one production well; and 
20 c. . a stimulated coalbed gas r^senro^^^^ 

77. . An apparatus for coalbed gas production ^ described in claim 74 further 
comprising: :.j . . v = ' > *; • : ' 

a. water in at least a portion of said coalbed gas reservoir; ^ 

b. a calculated water displacement pressure not substantially larger than said 
25 hydrostatic pressure to displace at least a portion of said water from said 

coalbed gas reservoir; 
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c. a water displaceirieht perimeter; and 

d. at least one water confinement well to commimicate with said water located 
at about said water displacement perimeter. 

5 78. An apparatus for coalbed gaspi:oduGtion as described in claim 77, wherieiri said at 
least one confinement well has a location at about said water displacement 
periineter assists siaid production well to remove cpalbed gas at isaid coalbed gas 
: ' removal rate which is never less than said: coalbed gas desorptioii rate. 

79. An apparatus for coalbed gas production as: desaribed m claim 78, wheriEdh: said at 
10 Irast dne witer confinement weUConipriseslocatingfoiir water weUs 

located at c6md^ of smd substaiiti^ 

80. An apparatus for coalbed gas production as described in claim 77, further 
"■'■■coinprismig: ■ S^:- 

^^aGhfflractfe^stic^fsa^ / 
1 5 b ■ an appropriate Volimie of a coalbed stimulatioii gas based upbri said coalbed 

characteristic; 

81 . An appairatus fdf coalbeid gas production ^ described to claiiii 80^ \yli^«^^^ said '■' 
appropriate volume of a coalbed stimulation gas based upon said coalbed : 
characteristic results in coalbed gas removed fidm' said stimulated coalbed gas 

20 resi^voir which contains less than four per edit stimulation gas p volume, 

82. An apparatus for coalbed gas production as described iii ciaiitl 81 , wherein said 
coalbed stimulation gas has a pressure calculated to avoid altering the structure of 
said coalbed ahd wherein said stimulation gas pressure induces k reduced water 
permeability to said stimulated coalbed gas reservoir. * • 

25 83: A method of producing coalbed gas, which coiriprises the stepis of: 
a. locating a coalbed having coalbed gas sorbed to coal; 
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b establisiiihg at Ifeast one prodiictitui Well to cbmriiiinicsLte with said coalbed 
gas; 

c. injecting a stimulation gas iiito said coalbed; 

d. tenninating injection of said gas to said coal; 

5 e. desoibing said coalbed gas sorbed onto said coal; 

£ calculating a desolation rate at which said coalbed gais desorbs from said 

- • coal; and 

g/ est*lisWtigacoaibdigasi^ovali^^^ 
calculated desotptibn rate, 

!0 84. A method ofproducing coalbed gas as described in claun 83, wherein calculatmg 
s^a desorption rafe k which saW 
using a desdiption rate calculation elena 

gs; A method bfi^rbducing coalbed igas as desdribed ih ciaiin 84, wherein establishing 
said coalbed gas reinoVal rate which is never less than said calculated desorption 
rate further comprises using a coalbed gas removal rate calculation element. 



15 



86. A method ofproducing coalbed gas as described in claiiii 85,%hich further 
coniprises the steps of: 

a. locating water in at least a portion df said coalbed gas reservoir; 
2^ b. calculating a w^ter displacement ifJreksure 

hydrostatic pressure to displace at least ai portiori of said water frdin said 
coalbed gas reservoir; - 
c: displacing said water inlaid at least a portion of said coafe^^ 

d. establishing a water displacement perimeter; 
25 e. establishing at least one water confinement well to communicate with said 

■ water located at about saiid water displacement perimeter; and 
f maintaining said water displacement perimeter by removing said water 
encroaching upon said water displacemient perimeter. 
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87- A method of producing coalbed gas as described in claim 86, wherein said step of 
establishing a coalbed gas removal rate which is never less than said calculated 
desorption rate further cornprises removing said coalbed gas through said 
confinement wells. 

5 88. A rnethod of producing coalbed gas as described in claim 86, which further 

comprises the step of calculating an appropriate volume of said coalbed stimulation 
gas to inject into said coalbed based upon a characteristic of said coalbed which 
results in produced coalbed gas ftom said production well having less than four per 
cent stimulation gas per unit volume of produced coalbed gas. 

1 0 89. A method of producing coalbed gas as described in claiin 86, which fmther 

comprises the step of calculating an appropriate volume of said coalbed stimulation 
gas to inject into said coalbed based upon a characteristic of said coalbed which 
results in produced coalbed gas jErom said production well having less than ten per 
cent stimulation, gas per unit volume of prod[uced qoalbed gas. 

15 90. A method of producmg coalbed gas as described in claim 89, which further 
cpinprises the step pfi . : 

a. injecting a gas into said coalbed having an injectioii gas pressure sufficient to 
... reduce.the water penneaW 

b. displacing said water fi*pra at least a, portion of said coalbed without 
20 ; substanti^y altering 5aid coaft 

c. reducing the water permeability of said coalbed; . 

d. excluding at least a portion qf said water from entermg to said reduced 
permeability coaJbed, 

25 91. A coalbed gas produced in accordance with the method of claims 83, 86, 88 or 90; 

92. A method of producing coalbed gas as described in claim 83, 86, 88 or 90, wherein 
said step of injecting a stimulation gas into said coalbed comprises injecting a gas 
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selected foim a ^biip cbnsisting of liitrogeh ga^, carbon dioxide, air, a gas less 
sorptive to coal than methane. 

93. A method of producing coalbed gas as descnbdd in claim 90, wherein said step of 
drilling at least one production well comprises locating said production well 

5 approximately at a centroid of an approximately 40 acre to 320 acre tract of land. 

94. A method of producing coalbed as descnbed iii daiiii 93. wHereiii said locating 
- •saidprx>duction wellapproMinately at said bentroid of said appiloximately 320 acre. 

tract of land comprises estabUshing a sUbstaiitiaily sqtrani perimeter and fvirther 
comprising having said at least one confinement well at about each comer of said 
10 square perimeter. 

95. A method of producing cb«bed gas as described in claim 94, which further 
comprising the W bflocatihg toaf leas^ 

approximately 40 kcte to 320 adretiact adjabent to an ai)proximately 40 acre to 320 
acre tract having a production well. 

15 "9^. An apparatus for coalbed gas prba\ictibn,e» 

a. a coalbed stiTicturbHaving a pertri^biUty ci^^ 

b. at least one production well which communicates with said coalbed structure; 
- c; an stimulation gas having a pr^toe in a iange which alt^ said p 

: v.... characteristic of said coalbdd and wliith avoids disruptidA of said coalbed 

2d~ • " ■ ' ' structure; 

d. an stimulation gas transfer eleiherit; , . - . 

e. a production well coupling element responsive to said injection gas transfer 
element and said production well; and - - 

f. a reduced water permeability coalbed. r 

25"97: An apparatus for coalbed gas productioii as described in claim 96, wherein said, 
injection gas having said pressure in a range which alters said permeability 
characteristic otsaid coalbed and which avoids dismption of said coalbed structure 
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is not greater than a pressure necessary to reduce said water penneability of said 
coalbed. 



98. . An apparatus for coalbed gas production as described in claim 97, further 
comprising: 

5 \ a. coalbed gas sorbed on said coalbed structure; 

b. desorbed coalbed gas from said reduced water penneability coalbed;. 

c. a desorbed coalbed gas removal system; and 

d. desorbed coalbed gas removed from said reduced water permeability coalbed 
through said production well. 

10 99. An apparatus for coalbed gas production as described m claiin 98, ftu^ 
comprising: 

a. . water in at least a pprtiori of said coalbed gas reservoir; 

b. a calculated water displacement pressure not substantially larger thaii said 
. hydrostatic pressure to displace at least a portiori of said water fix>m said 

15 coalbed gas reservoin 

c. a water displacement perimeter; 

d. at least one water ponfinena^ut^^^^^^ to commtmicatef with said water located 
at about said water di^placemmt per^ 

. 1 00. Ah apparatus. for coalbed gas production as described in claim 99, wherein said at 
2a least one confinement well has a location at about said water displacernent perimeter 

assists said production well to remove coalbed gas at said rate which is never less 

than a desorption rate of said coalbed. 

101. An apparatus for coalbed gas production as described in claim 1 00, further 
comprising: - 
25 a. a characteristic of said coalbed; 

b. an appropriate volume of a coalbed stimulation gas based upon said poalbed 
characteristic; 
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102. An appaiatus for do^bed gas productiort as described ita ciimi l 51:. wherein said 
appropriate volume of a coalbed stimulation gas based upon saii coalbed 
characteristic results in coalbed gas removed from said stimulated coalbed gas 
reservoir which contains less than four per cent stimulation gas per unit volume. 

5 103. An appaiahis for coalbed gas production as described in clWloi^;^ 

cbmpnsihg a^calcuiated coOb^ gas desiiii)ti6n rate at whicl^ said coalbed gas 
desoAs fo>m sdd coal arid wherem said coalbed gaisVemoVal aenifent has a 
calculated coalbed gas removal rate which is never less'iliaii^d 6ilculated coalbed 
gas desorption rate. 

,0 104. An aj>paratus for coalbed gas production ks d^ 
least one production well has a Ibcatidri appf^^ 
approximately 40 acre to 320 acre tract of iahii; ; ■ ' 

105. Ail apparatus for coalbed gas prodiibtion as^e^btd in claim 1 (Hi wherein said 

approximately 40 acre to 320 acre teact of land has a substantially square perimeter. 

,5 106V Anapi>aratus^fo^ 

least one water confinement well cx)mpris«gsi6ca^^^ 

located at coriiers of said substantiaUy square perimfeter Wotirid sard^^^^^^ of land. 

107: Ari ap^kattasWc6all>ed gas production^ " 
apf)rOximatel5^ 40 acre to 320 acrfe tract of land having said substantially square 
20 perimeter has a location adjacent to another approximately 40 acre to 320:abre tract 

of land having a production well. 

108. An apparatus for coalbed gas production as described in claims 96, 98, 100, 1.01 , and 
103, wherein said stimulation gas is selected from a group consisting of nitrogen, 
carbon dioxide, air, a gas 1^ isorptive to boal than methaiie. 

25 1 09- A method of producing coalbed gas, which comprises the steps of: 
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a. locating a coalbed structure having a water permeability characteristic; 

b. establishing at le^st one produQtioa well to communicate with said coalbed 
structure; 

c. .^ providing a stimulation gas; 

d. injecting said stimulation gas in a manner which avoids disturbing said 
coalbed structure; and - 

e. altering $aid. water permeabiUty characteristic of said Goalbed.structure 
through injection of said stimulation gas in a vicinity, of s^id at least one 
production well. , 

110. A method of producing coalbed gas as described in claim 109, wherein said step of 
pi*p>ridnig sa^d stimulation, gas comprises providing stimulation gas having a 
pressure ;v^hich js not greater than 4 pressure necessary to reduce said water 
permeability of said coalbed structure. - 



15 1 1 li A method of producing coalbed gas as described in claim 110, which further 
comprises Ae^steps of:. ^ 

a. locating coalbed gas sorbed on said coalbed stmcture; 
^ b. d^sorbing coalbed gas from said coalbed haying said water permeability ,: 
Ghsuracteristic altered by said stimulation gas; and 
20 : . removing desorbed coalbed gas from said coalbed structiire. 

112. A method of producing coalbed gas as described in claim 111, wherein said step of 
1 providing said stimulation g^ comprises providing stimulation gas haying a 

> pressing which is not greater than a pressure necessary to reduce said water 
permeability of said coalbed structure ftuther cornprises using a stimulation gas 
25 pressure calculation element. 

1 13. A method of pmducing coalbed gas as described in claim 111, which further 
comprises the step -pf calculating an appropriate volume of said coalbed stimulation 
gas to inject into said coalbed based upon a characteristic of said coalbed which 
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results in produced coialbed gas Srojn siaid pf odiiction well having less than four per 
cent stimulation gas per unit volume of produced coalbed gas. 

114: A method of producing coalbed gas as described in claim 113 , which fiirtKer 

comprises the step of c^ciilating an appropriate volume of said coalbed stimulation 
5 ■ gas to inject into said coalbed based upon a cliMacteristic 6f said cbalbed which 

results in produced coalbed gas Scorn said production well having less than ten per 
cent stimulation gas per unit voliraie of produced coalbed gas. 

its. A method of jitbducin^ as desicnbed inxiarai 114, ivhich furtlier 

• fe6iiipiis& thfe steps bfe \ .■ - ■ , 

[b ' a. ' locating watbr in lea^t a'pfertioii of said cbalbed'gks reservoir; - 

b. calculating a water displacement pressure not substantially larger than said 
i^y^rbstaticpriessure tod^ 
coalbed gas reservoir; 
b. ' displacing saici Water in s£dd af ieast a portion of said coialbed jgas reservoir; 
15 <j. establishing a water displacement perimeter; 

e. establishing at least one water confinement well to conmiunicate with said . 
water located at aboutlsai'd 

f. ' rriaiiit^hing said water displacement peai^ rismoving said water 

encroaching upon said \vater displace^ 

20 1 16. A method of producing coalbed gas as described in claim 115, which further 
comprises the steps of calculating a coalbed gas desorptidh rate at which said 
coalbed gas desorbs from said coal and whereiri said step of removing coalbed gas 
from said coalbed reservoir has a rate which is never less than said calculated 
coalbed gas desoiption rate. ' 

25 1 17. A method of producing coalbed gas as described in claim 1 1 6, wherein said step of 
removing coalbed gas from said coalbed reservoir at said calculated coalbed gas 
removal rate comprises removing coalbed gas from said water confinement wells. 
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118. A coalbed gas produced in ac(X)rdance with the method of claims 111, 113, 115, 
116. 



119 . A method of producing coalbed gas as described in claim 1 1 8, wherein said step of 
establishing said at least one production well comprises locating said production 
5 well approximatply at a centroid of an approximately 40 acre to 320 acre tract of 

land. . 

120. A method of producing coalbed gas as described in claim 1 19, wherein said locating 
3aid produption well s^proximately at said centroid of said.a^proximateljr 320 acre 
tract of land comprises establishing a substantially square perimeter haviiig four 

10 confinement wells located at about the corners, of said substantially square perimeter. 

121. v.- A Triethod of producing cpalbed gas as described in claiin 120, further comprising 

the step of locating said at least one production well at a centroid qf an 
. approximately 40 acre to 320 acre tract adjacent to an appro:dmately 40 acre to 320 
acre tract having a production , well. 

15 122. A method of ppr<]ducing.coalbed a? djesrabed i^ claim 111, 113, 115, 116, 

. wherein said step of injecting a stimulation gas ipito said coalbed comprises injecting 
a gas selected firpm a group cqnsistmg of nitrogen^ carbon dioxide, air, a gas less 
sorptive to coal than methane. 

123. , Methods substantially as described hereinbefore and with refermce to any of the 
20 . accornpanying examples. 

124. Apparatuses substantially as described hereinbefore and with reference to any of the 
accompanying examples. 
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SYSTEM FOR iMPROVmC CbALBED GAS PRODUCTION 



I. TECHNICAL flELD 

Generally, this invention relates to the iinpioVed production of cbalbed gas from 
sutsiantially solid subterranean fonnatidi^ including c^^^^ Specifically, this inyefttion 
5 relates to the use of a stimulafiongasf to manipulate the physic^^^ 

^ su6h suijtenanean forinatioiis and tb incie^ 
of coaibed gases associated With such subterranean fprmatib^^^ 

' II. BACKGROUND^ : • : . . 

X significant quantity df coalbed g^ isipM 
,0 coalbeds: This co^lbed gas/which wasforineddt^^^^ 
■ into coal, consists primarily of methdne Bebanse^i^ 
commonly termed coalbed methane^TypicaMy;more^£ui 95% ofihecoa^^^ 
physically bound (adsorbed) onto the si^^^^ . : 

Coal may be characterized as haVinga dual porosity charac^^ 

,5 michjpores and macropores. The micropore sys^^^^ 
The micropores are thought to be impervious to W^^^^^^^^ 

coalbedmerivane contained the coalbfed is adsoibed onto the walls associated with Ae 
micropores. The macropores represent the cleats within the coal seam. I^ace and butt cleats 
- are int^ed throughout the ctml m 
20 TKe facedeats are (x>ntihtK,US and^^^^ 

Butt cleats are generally orth<ig6nal to the face cleats but are not continuous within the coal. 

6nproductioh,thecoalbedmat^^ 

subsequently removal tfom the coalbed at pn>duction wells ■ 

Several imijbrtant probl^s limit the ecbnomic viability of coalbe^ 
is iirbduction. Tiie first is the handling bf produced water from water-saturated cpM^^ The 
handling of produced water can be a significant expense in coalbed methane recovery. In a 
typical water-santfated reservoir. Water mtist first be dq,leted to some extent from the cleat 
system before significant bbalW methane production commence. Water handling 

involve both pumping and disposal costs. If the coalbed is significantty permeable and fed 
30 by an active aquifer, it may be impossible to dewaler the coal and induce gas production. 
Production of significant quantities of water from an active aquifer may be legally restricted 
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and may result in lawsuits from others who rely on the affected water supply. Disposal of 
the produced water can present several problems. The water may be discharged to the 
surface and allowed to evaporate. If sufficiently clean, the water may be used for 
agricultural purposes. Finally, the water may be reinjected mtp the coaL All of these 
5 disposal methods require environmental permitting and are subject to legal restrictions. 
Many ponyentional Goalbed gas production systems only displace water in the vicinity of 
the production well which resirits: in a short coalbed gas production period which lasts only 
hours or a few days. One sample is disqlosed in US Patent No. 4,544,03?! Gas production 
stops when the water returns to the coalbed surrounding the production well. 

10 The second problem which limits the economic viability of coalbed ^as production 

is maintaining thC: appippiji^te rei^pyal i^ate of coalbed ^as as it is desprbed froih the 
! coalbe^. /^A^jlhe pressure in theirmnediate vicini^ pf the producer decreases, a quantity of 
gasd^0rt>s;fem^^&^^ cleatsystem. If the water is excluded from 

the t<>^bed>su]Tqim coaJbe^ g^^ prpduction well, and| as gas desorption continues, tiie 

15 gas phase becomes mobile and Jbi^gins to flow to the Ipw^pressiued producer. With the 

existence, of a mobile gasvphase^ the pressure drawdown established at the production well is 
more efficiently propagate^ throughput the coalbed. Gas more efficiently propagates a 
pressure w;aye pOn^pared to water beca g^ is significantly more compressible. As the 
preissute decline within the coalbied continues^ gas desorption, and therefore gas production, 
'^o-"accdterates. 3 . 

There is an important relationship between these two present production problems. 
Th^ rate Of gas diffusion from the coal can only be maximized by maintaining the lowest 
possible production well pressxure, howeypr, excessively low pressures increase water 
prodUption. Conventional production practices pyercpme the diffusion-limited d^rption of 

25 methane from the coal matrix by using such excessively low production well pressures, or 
do not set coalbed gas removal rates as disclosed in U.S. patent 4,544,037, allowing rate- 
controlling diffiision of coalbed gas and water encroachment to limit the economic life of 
the coalbed methane production well. 

A relaited problem is coalbed structure water permeability. Increased water 

30 peiiirieability allows watervthat is displaced from a coalbed to return more rapidly which 
results in increased water handling or a shorter economic lifespan of the coalbed reservoir. 
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Conventionai pioduction techriiques do not eflfectively deal with the water permeability of 

the coaiibed structure. 

Another conventional coalbed gas production problem is the contamination of the 

coalbed gas renioved Wthe coalbed with stimulation gks/ As but one Amoco 
^ Production Co. (Ainoco) has devdopca a metfibd of increasing coalbed methane production 

by bcrbasitig tfid pressure difference between the coa^^^ 
:^ (diffa^ional, partial^pressure driving force) (US patbht 4.883,122). As that patent discl6ge«, 

Ainoco injed^ ah inert stimula^oii gas (su^^ 

le^ sotptive than coalbed mfcthate and tends to 'remain in the cleat space. The iiijected , 
,0 nitrogendrivestheresultinggasmixturetaOti^Drmore^lbducingwd 
^ is recoverbd at the surf^e; By the end of a ySar^s piodidtion, the product gas may contain 
approximately 20 volume percent nitrogen. The simulated production rate profiles resulting 
from a continuous nitrogen injection are shown in Figure 5. The point labeled P in Figure 5 
is the production rate immediately prior to applicati6h of the stimulation gas enhanced 
is method: As is evident,^ int^fease ih gas pJoducUori^ue to niteogen injection is immediate 
and sub^t^tial. Much of the dramatic ii«*ea3e in eatl^time gasproduction results from the 
reduction iu partial pressure bfmethahe i^ 

results from the inerfease in reservoirpfess^re that resuhs firom^th6 ixyection of nit^gen mto 
the coklbed. However, much of the pr^uctioh over the long term contairis fluan^ties of 
20 liitrogeft which are substahtially higher 

Similarly; btherEGBM methods which are 

i '^of gas Ihto an injection well^^^^^^ 

^ high levels of cohtamiriating stimulation gas in the coalbed gas removed at the production 

. well. These techniques generally employ the use of GO, or CO^^^^^^^^ 
25 disclii^d byUS. patents 5,454,666 and 4,043,395; and as disclosed in an Alberta Research 
-council (press release). CO, ismore sorptive than methane and tends to be adsorbed by the 
coal matrix: therefore, the Response of methane at the producers is attenuated. However, as 
with the above mehtidhed methods. toese ECBM. methods produce coalbed gas with high 
levels of sUmuMoh gas. therefdre. .as with the other above mentioned methods a gas 

30 cleanup pirocess is required. 

Another problem with injectibii bf stimulation gas into a separate well loca^ 

distance from the production well is the production of increased water. In fact, Amoco's 
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ECBM technique rtiay increase overall water production because the increased quantity of 
coalbed gas that results from this injection-desorption process may tend to sweep additional 
quantities of water to the producer. 

Yet another problem with conventipn coalbed gas production is high cost. Many of 
5 the above mentioned methods use stimulation gas at high pressure which requires the use of 
expensive, high-capacity, multistage gas cx)mpressors. Similarly, other methods also use 
high presswe as disclosed by US. patents 5,419,396; 5,417,286; and 5,494,108. High costs 
are also associated witji the use of ^a[rt>6n dioxide gas as disclosed by U.S. patent 4,043,395, 
and th the cpiitinuous use of coalbed gases dimng coalbed gas production as disclosed by 
10 U S: patents 4,883,122; 5,014,785; and 4,043,39^. 
Each of tfaesiB problems of 
inistant invention disclosed.: 

III: DiSCLQSUItE OF 

15* Accordiligly, the broad goal of 

by stimulation of tfie cpalbedibn^ The invention: improves on the previously 
mentioned EGBM reooveiy techniques. The present invention comprises a variety of 
■ coalbed stimulatio^^^ methane production wells. The 

techiiiiques serve to displace and confine water, alter the permeability of coalbed fracture 

20 systems; establish optimal coalbed stimulation gas amounts and coalbed gas removal rates, 
and as a result operate to hniit water production rates in water-saturated coalbeds and reduce 
stimulation gas content in produced coal^ gas. The methods are sirnple, economical and 
time efficient. Natiirally, as a result of these several different and potentially independeiit 
aspects of the invention, the objects of the invention are quite varied. 

25 Another of the broad objects of the invention is to provide a numerical simulator 

which simulates the flow of water and gas phases around wells which communicate with 
coalbed gas: Siniulation of gas desorption and sorption between the coalbed and the cleat 
system aiid the interrelated effects of pressure gradients, fluid viscosity, absolute 
permeabihty and liquid-gas phase permeability allows prediction of coalbed gas production. 

30 This allows various aspects of the instant invention to be optimized which when used 
separately or in combination increase coalbed gas production. 
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Yet another Object Of the invention is to eliminate the necessity for separate coalbed 
gas stimulation injection wells and coalbed gas production wells. As mentioned above 
most conventional coalbed production practices use a separate stimulation injection well 
and a separate coalbed gas production well. This practice leads to a variety of problems 
with water handling and contamination of the coalbed gas produced. It is therefor desirable 
to establish a method which uses the production well for both stimulation gas injectipn and 
also for coalbed gas removal. . . ^ 

- Another object of the invtaition is the convenient and effective water displacement 

confmemerit of water which surrounds coalbed gas pmd^ 
, mditioned aboveis both cosUy and inconveiiient: An effective method of displacing , water ; 
' fiom a large area of the coalbdd surrouhding the prpductiori well 4nto the adj aceiit .c<>albed 
area would eliminate the necessity of handling at least a portion of that coalbed ^yater., / 
Another object of the invention is to establish a reduced water permeability of the 
coalbed so as to exclude at least of portion Of the dis|>laced water. A reduced water 
,5 permeability coalbed prevents or slows the rate of waterencroactenent^a^^ production 
wells. From the point of commercializing production of coalbed gas, having less >yater in . 
the coalbed gas reservoir translates into less water to h^dle and to dispose of, .increased 
coalbed gas recoveiy, and coalbed bed gas with less water content. By elimirmUng th^;, 
problems associated with coalbbd water/ pipduction. rates a^ and there is less 

20 cost per unit volume of production. 

An additional object of the invention is to produce clean coalbed gas from a : . , 
; stitriulated coalbed. Coalbed gas containing less tha^ alK)^t four per cent 
: coalbed gas does not have to be cleaned up before it is used. Glean coalbed gas, as a x^sult, 

costs less to produce per unit volume than coalbed gas produced using conventional 
25 stiriiUlation techniques. A predictable method of producing clean poalbed gas is therefor 
highly desirable. 

Another object bf the invention is to calculate the rate at which coalbed gas should 
be removed from the coalbed or other subtenranean formation. Desorption of coalbed gas 
from coalbed formations is a rate limiting step with regard to production. Desorption of 
30 coalbed gas is increase! when the coalbed is stimulated and when the desorbed gas is 
removed. Optimal removal rates of coalbpd gas from the production well establishes a 
desirable balance between a lowered pressure which induces continual desorption of 
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coalbed gas from the coal matrix and yet not so low as to draw previously displaced water 

back into the coalbed reservoir. 

Another object of the invention is to reduce the cost of coalbed gas production. 

Most conventional coalbed gas stimulation techniques utiUze continuous high pressure 
5 injection of stimulation gas during the production of Goalt)ed gas. Additionally, many 

techniques utilize purified gas which necessitates fractionation of atmospheric-gas^ This 

necessitates the long term use of expensive multistage gas cornpressors . and fractionation. 

equipment: Moreover, many techniques al?o require separate injectipn wells and production 

wells and then subsequent purification of the produced Qoalbed gas, As sucli, these • 
1 0 techniques may be prohibitively expensive to use.. Tlie h^stant invention, eliminates many. 

of these expen^ve features and steps aUowing coalbj^ gas fp^^^ considerably 

lowercosti 

IV, BRIEF ©ESaRIPTI(MC)F;I^^ , 

Figure 1: is a graph of typical coalbed; prpductjon rates using; conventional recovery 
15 techniiqucis. ' 

Figure 2 is a graph of typic^ sandstone production rates using conventional recovary 
techniquesw- 

Figiire' 3 is k draSving of a particular embodiment of the instant invaation, \ , , . ; 
Figure 4 is a graph of the relative ability of water and gas to flo^wf as a function of the 
20 water saturation of a coalbed. 

Figure 5 is a graph of a simulated convcntipnal producti 
continuously stiniulated with nitrogen gas. 

Figwe 6 is a depiction of the dual porosity structure of coaL 

Figure 7 is a particular embodiment of the pattern of a prpduptipn well in relation to 
25 water confinement wells. , 

Figure 8 is a graph which compares the cobbed gas production from 2in 
unstiiniilated coalbed and a stimulated coalbed gas using a particular embodim^pt of this 
invention v/ith nitrogen. 

Figure 9 is a graph which compares the coalbed gas production from a stimulated: 
30 boalbed using the instant invention which was previously produced by conventional 
unstimulated coalbed methods/ . 
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V. BEST MODE(S) FOR CAI^YING OUT THE INVENTION . 

Ascanbeeasilyunderstood.thebasicconceptsofthepresentinventi^^ . 
embodied in a variety of ways. It involves both treatment techniques as well as devices tp. 
accon,pli.h the appropriate treatment. In this applicatior,, the treatment techniques are , , , 
5 disclosed as part of the results, shown to be achieved by the various devices desc^bed and as 
... steps which are inherent to utilization. They are simply the natural result of utilizing the 
^^ces^s intended and described. In addition, >vhile some devices are clisclpsed, it would 
be understood that these not only accomplish certain inethods but also can be varied in a . 
number ofways. Importantly, as to all of tt,e forgoing. ^11 of 0^^^^ 
,0 :understo<)d to be encompassed by tins di^lQSure. . ^ . . ; . 

Figure 1 and 2 are generally ; g>resentative of conventional gas production profiles 
for typical coalbed and sandstone formations. Production firom the coalbed fomiation 
(Figure l).ischaracterized by an mitiali,eriodpf high water produ^^^^ 
production. The gas pro^luction rate increases >yith the partial depletion ^ 
,5 loweringof pressure in the coalbed. As described earlier, the lowering of pressure results m 
thedesoxptionofcoalbedmeti«mefromthecoalmatrix. The gas rate falls off in the later 
stages of production. This decline in production results frpm at least two factors : (1) a 
depletion of sorbed methane from the coal and (2) a rate-pontrolling diffusioh of gas from 
thecoalthatisrel^tedta^exlifierenceinpre^ ■. . 

20 system. . - . . v ■ ' - . • - . % ■ .v'^- . - 

In comparison, the gas production from . sandstone formation is often relat^^^^^^^^ 

to reservoir pressure (Figure 2). The gas is contained within the sandstone's pore space. . 
. Gas production ishighest initially because reservoir pressure an^^ 

maximum. Production rate declines as gas content and. therefore, reservoir pressure 
,5 declines. Water rate increases as pressure declines, either because of water encroachxnent or 

becausepf an increase in the permeabihty to water as the pore space^c^^^^^^ 

Figure4. . > - , , .r- 

The production of coalbed methane from a water-saturated coal resource with'the 

irrstant invention may involve displacing water surrounding the production well or Wells 

30 without disrupting the coalbed structure or confinement of the displaced water so that it- 

does not encroach upon the dewatered coalbed gas reservoir during coalbed gas production. 
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This can be subsequently followed by the following three steps: (1) production of gas and 
lowering of pressure in the iihmediate vicinity of the wellbore; (2) the desorption of coalbed 
methane frorti the coal matrix irito the cleats due to the pressure reduction; and (3) the 
accelerated production of mobile coalbbd methane gas from the coalbed as the raditis of . 
5 influence of the pressure drawdown tncreasjes throughout the coalbeA The present: . 

invention operates; to improve the eflidancy of all diese prodiacti^ . 
mechariisrhs. • ' ■ - .. . 

As depicted in Figiiire 3, Tfie piiH^erit iiiveiiiddn stimulates; a producer by- 
appropriate quantity or amount of doalbed stiiritilatibn gas (3) into at leatst erne prpductibtl 

10 well (2). ftis IS Accomplished By uaiig a c^ 

elemeint (3) perhaps joined to the amildar region produclioh wiell^^ 
control valvqs or other pf bdiiction well coupling eldiiieht (4) respbha^ 
stimulation gas transfer element aiid the pfoiductidn v(r611/ The inject^ stimulation 
flows into the coalbed (5) in the viciriity of the product^ gas can 

1 5 be used, but the most preferable is a gas that is less sorptive thaih hiethane^ such as nitrogen 
but may also be carbon dioxide. The optiiiiiiih iiijectioh gas may be air because it's free and 
is 80% nitrogen. Water (iS) which is associated with the cobbed or a part of the coalbed : 
surrounding the production well has a hydrostatic pressiirel The doalbed stimulation gais (1) 
can be delivered to the coalbed at a presstire greater than that of the hydros^^^^ 

20 the water and the water is displaced a distance from the well. With cbritinued injection, a 
region of gas saturation is established at an extended distance into the coalbed thereby 
establishing a water displacement perimeter (7). This operation effectively partially de- 
waters the coalbed without producing water to the surface. OptimaHyi the pressure is not 
substantially larger than the hydrostatic pressure of the water so as not to disrtipt the coalbed 

25 structure. One or more water confinement wells (8) may be established a distance from the 
production well or at the water displacement perimeter or at the production Well drainagd 
radius to remove water encroaching lipoh the production well: Rieilibval of water may be 
accomplished by use of a pump or other water transfer element (9) coupled to the 
confinement well tiirough a variety of water conjBnemenf coiipling elemehts (10). At least 

30 water is removed from the confinement wells although gas inay also be temdved fiom the 
stimulated coalbed reservoir from the confinement v/ell as neciessary tb assiist the production 
well in removal of coalbed gas from the coalbed gas reservoir at the requirbd removal rate 

8 



PCt/USOO/17411 

WO 00/79099 

thioughv^OUsc^uplingelemfent^ The area swept by the injected c^^^ 
gas by this method may be significantly greater than the radius of pressure drawdown that 
results from initially de-watering a well by conventional production methods. Assuming the 
injected gas is composed ^bstaritially of rutrogen, the coalbed's cleat system is initially. , 
=5 occupied by a gais that contains little methane (15). ■ 

Ai tke time the injectibfi of coslbfed stimulatioh gas ceases and the praduction well is 
abouttobepiacedonproductio^ibylb^Ve^^ 

l^Vebeen seated 6y the stittulatbd comedigis feservoir(ll) whicbshould improve gas 
pmduction rate^ at the prddiiction wfeil and reduc^ the Water production rate at the production 
,0 well compared td cbriv^tioiiai produaidii methb^^^ First, feast a jiartial saturation of 
coalb^ siinlulaicm gas fia^^eeir^ 

result, the parti^i^i^saifedrtvingfb^^^ r ' 

saturation will also serve as an efficient medium for transferripg through the cleat systen^ or 
drawdown the reduction in pressure of water. This drawdown may be accomplished by a 
,5 pump or water removal element (12 ) coupled to the production well with any of a variety of 
production well coupling dleixietits (I3);that1res^t^ firorri simuttan^^^^^^^ coalbed 
gas and water frbrii thb c<ialbed by nieans of ffieproduction well for producer. 

Second; th^ water satu^ftrti^ h^be«i decreased, v^hich reduces its abilityto flow to 
the producer. The ability of water to flow (water pem^eability of ftecoalbed),as a fimction 
20 ofwater saturation is conceptually depicted in Figure 4. In a gas^watef system, pemieability 

to ^^^ater drops as me water saturatior. decreases. THe ability 
" directly propokionartb the cbalbe^^^ 

qw = PI X Krw ^ AP, where 

qw = wkter produbtioh irate from ^ producer, 

^ PI ^ productivity index of the well; 

Krw = relative penneability to water; and ^ ^ 

AP = difference in pressure between producing well and a4jacent coalbed. 

Conversely, because of the increased gas saturation, the permeability to gas, and therefore 
its production rate, will be increased. 
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Third, the coalbed stimulation gas injected into the cleat system will initially 
promote a reduced methane content (i.e.^ concentration) in the cleats, which will increase 
the desorption rate of methane froin the coal matrix to the coal's cleat s^^stem by the method 
of partial pressnf e reduction. The dual porosity structure in coal is depicted in simple form 

5 in Figure 6. Recall that the cleat system is drained by the producing wells, and notice that 
the cleat system surrounds the coal niatrix. The relative locations where the partial 
pressures of qoalbed.ttiethane are calculated in the cleats and the.coal matrix are also shown 
in Figure 6 J . During the injection phase of |bis invent co^l>^ stimiilation gas replaces 
i^^pbrfidn of the water as pstft of the displac^ent proems. Initially, tiie g2is iii the cleat 

10 system will cbntain a low-vplume fection,of rn^ and therefore, be; at a low partial 
piressufe of methane: llie idjeaBsoed re^ 

methane in thb'dleats to loc^ fraction of coalbed methane is 

aiiowh by theiW 

15 PjOT4> * =^ patMal presstiT^^^^ . 

PojEAt =5?M>solutepressitte|ihthe^ 

Ve^V - = Vblumefiaction ofcoalbed methane in the cleat measured at the same 

^ 'ir^vlocatioh-is PctiAT -• ^ . : ;^ 

A conceptual relationship &at relates the gas desorption rate: from . the coal matrix to the 
20 cleats as a function of their respectiyepartial pressures is shown by tli0 following equation: 

Qdsorb = K X (PcoAL - PCH4) where 

Qdsorb = Rate of coalbed methane desorption from coal matrix, to the cleat system; 
K = A group of terafis assurned to be constant for this example; 
PcoAL - Partial pressure of coalbed methane adsorbed onto the surface of the coal 
25 ' matrix at apaiticiilar spatial location; and . 

PcH4 = Partial pressure ofcoalbed methane existing in the cleats measured at the 
same locatidii as PcoAL 
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The above mentioned relationships ^^ill show a close dependence between rate of 
desorption and the difference in partial pressure, which is called the diffiisional, partial-^ 
pressure driving force. All ofthe above-mentioned factors should increase the coalbed 
meAaneproductionrateanddecreasethewaterproductionrate. Morecomplex, 
5 relationshipsarepossibleandmayreqixiretheuseofanumericalsirnulatorsuchas , 

WRICBM model entitled "Development Of A Portable Data Acquisition System And 
Goaibed Methane Simulator. 2: Development Of A Coalbed Methane Simulator" which 
is attached to this appUcation and hereby incorporated by reference. The. equations defined 
witianWRiCBM^tiriied«^«d«?»*'i^terrela^^ , 
.0 WRICB^usesahit«ativ6,simiUtaneousme^^ 

Whi^efeentbrcbaibedchb^ 

simplified descrii>tion of the WRlCBM-s formulati^^^^^^ 

.^CK^ models idual.1^^^ 
penneablematrixcommunicateswithapon>us.permeablematrix. The stationary ipatrix 

.3 represents the go^l- Thepertneable matri:.^r^^ 

Watefandgasesonlyflowwithmth^penne^blematrix,^ . 

stationary and matrix elements. This feature simulate^ gas desorption/so^^ 

coalbed^s coai and cleat systems: TTie movement^of 

pem^eable matrix are described by the generally accept^ nmW^^^ 

20 Darcy flow. Therefore, the transport of t^^^^^^^^ 

gradients for each phase, fluid viscosity, absolute permeabiUty, and. liquid-gas p^^^^ 
^-pdhneability. The rate and quantity of gas.d^^^^ 

permeable ni to systems.can optionally be determined by equilibrium controlled, ps^^o- 

unsteady state controlled, and fully umteady state.controll^^ 
.5 Equilibrium transpon assumes thatthepressure in th. coal is the s^e as the ptessur. m the. 

ideal fractutesystem. Thus, thereis no ti^^^^^^ 

to the cbal. The pseudo-unstpady state transport a^sumes an average concentration of gas 
-sorbed within the coal and^a diffusional time delay for sorbed gas movement within the 
coal. Fufly unsteady state tnmsport assumes a concentration gradient of sorbed gas within 
36 thecoaleleri^entwithadiffusionaldelayforsorbedgasmovementw Forthe 
unsteady state methods, the sorbed gas concentration at the surfaces of each coal element 
are fi»nctions of the local partial pressures at the cleat rnatrix. Partial pressure is the product 
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of the reservoir pressure arid the individual mole fraction of each gas species present. The 
multi-componehf. Extended Langmuir relationship relates the quantity of individual gas 
component sorbed to respective gas partiail pressure: 

The following set of equations are solved simultaneously within WRICBM ^t each . 

5 discrete tiniestep foir each differential elfemen^ 

1. Material balance^ for water: .- . ' . 

2J Materiarbalmce^ 

permieable-matrix s]^teitt 
As stated pireViously; Dar6y flow ^c^ribes the transport of material with i:^ 

10 difiefeiitiiil ^(^erif^s 

compbiieht is repidosented in the respecti^ m2UeriaLbaIance:^ua^^ a source term. 
The rate of gaS desbrptioiiu^dipHoh i on the lopal^artial pres^ for each 

pCTtheatte iria^ and ihe coinresppnding S9?J> of each 

gasi coiri^biient-;" '- '^'^ ' <- _ ^: 

15 , 
wayl The calcuiation tises viscositj^ for the phases, differential pre^ssure between each; . 
phsuse's 'matnk preisfisure and the' weillbbrej and a prdductiyity index that accoim 
radical nature of the well's drainage. Source terms couple ttie \yeU equations to the 
individual material balance eqixatibris. 

20 As a result the invention has many einbodiments and may be impleinented in ^ { ^ 

different ways to optiniize the production of coalbed methane. The option selected will 
depend on the determined characteri stics of the coalbed reservoir and theconditions at the 
production well. This model may be invaluable in utilizing Ihe disclosed abso^^ . 
desorption rate calculation elements, water displaceme^^^ 

25 stimulation gas amount calculatibn elements, coalbed gas removal calculation elements^ 
and reduced permeability g^s pressure calculation elements, although- calculation elernoits 
may used mariually of otherwise: Optiihiiiilg ttiis process may require a knowledge of 
reservoir enginemhg and the us6 of a toalbed ^ ^ : > 

One embodimierit 6f the invention uses a production well (12) to both deliver 

30 stimulation gas (1) to the coalbed gas reservoir arid for the removal of coalbed gaS'(14) lironi 
the coalbed gas reservoir (1 1). As mentioned above this approach is different than most 
conventional coalbed gas production techniques which use a separate gas stimulation well 
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ind a sepaate coalbed gas production wfell. Using the production well for both purposes . 
eliminates many of the probleriis associated with conventional production niethods which 
include excessive water production at the coalbed gas production well , contamination of the 
produced coalbed gas with excessive amounts of stimulation gas and the unintended 
5 alteration of thb coalbed stilictiire to mention a feW. With regard to the instant invention, 
the gas may be ihjected into the coalbed f6r a bifief period of time through the production 
well sind theimouM of stimiilation gas may be limited. The pittducer may be subsequently 
placed babk on prbductibri, aiid ai dramatic incr^^ 
' reduction in VirkCTproductidfl^t^^^ This approach may be applied to cpalbeds tto^^^ 
10 eittier substantially drj/ with little or no mobile wat^ satoation or applied to cpalbeds diat . 
: have a porti^h Of alloflhe cbalbed saturited viiith watfeir (©. &i the former case, the increase 
in production would liot significaiitJy involve chahgesJft peimeability to the water or gas 
phases but will involve desorption of gas b6ni the coal inatrix and possibly the immobile 
Wkter. in the later dase, the AVater m the coalbed may be displaced from ^ large area- 
15 siirrouhding the pfoduction^ell by.the delivery of't^^ gas to the production 

well: The de-watered coalbedvgais reservoir volume m^y defme a water displacement, 
perimeter (7) . This inVfcntidrt or approafeh may require Hit use of surrounding produc^.or 
^ater cdnfinementwells (8) in addition to the stiniulatfed well (or wells), Ruring pxoductidn 
of the stimulated wells; thfese additional producers fcan! Umitaieencroachmentrof water; that 
20 has been displaced from the coalbed by the gas injection procedure,^^^ 

described above, thfese surrounding wells may be regarded as cdnventiorial, unstimiilated 
■ producers or as Water confinement wells that act as baiiiers betvyeeri the stimulated coalbed 
region arid the suiroundin g aquifer. In a particular application of the embodiment and as 
showrt in Figure 7, the production well may be located at the eentroid of a tract of land ; 
25 having an area ofbetween approximately 40 and 220 acres. Tlie tract 
a- have a substantially square perimeter but this may not necessarily be the case. Water 

confinement wells may be located approximately at the comers of the substantially square 
V perimeter t<i reiiiove Water encroaching upoii the dcTwatered coalbed surrounding the 
production well, the coalbed may be.stimulated by injecting coalbed stimulation gas 
30 tiiroiifeh the production well for a brief period of eight to twelve days with an amount of 
coalbed stimulation gas to sweep a substantial portion of , die dewatered coalbed reservoir. 
The injection of coalbed stiinulation gas may bcs.terminated and the same well may be used 
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for removal of coalbed gas and possibly water at a rate which lowers the coalbed pressure in 
the coalbed and which is optimally never less than the rate at which the coalbed gas is 
desorbed from the coalb^. A number of adjacent tracts of land may be produced 
simultaneously by this method as yet another application of this same embodiment. This 
5 method may also be used on virgin or previously produced coalbed gas reservoirs. 

A second embodiment of this invei^tipn is to decreasfe the water pearme^bility of the 
coalbed fomiatibn. As mendpn aboycf^d as shown in Figure 4 increased >vatet contained 
in a coalbed allows increased flow of water to jftie cpdiOypd. Peimeabilityi as mentioned 
above, is also a characteristic of cpalbeds that have h^ the coalbed struct^e altered by 
10 some'conventional Mgh pressure injection techniques. The instant invenjtipn assesses the 
hydrosta^c pressure of \yater associate^d .^th th&;c02dbed surrounding a production well. 
SubsequenUy, a coalbed stimiulati0tt ga$,ba^ 

pressure but with a pressure calculated to aypid altering the sthictiu:e of the coalbed is 
injected into the production welL - A rcducipd w^ter perm^jbihty^ cajeulation element rhay be 

15 used to assist in these palculatioiis. Tfiepressure of the injected coalbed stimulation gas 
limited to a pressure not substantially grater than the hydrostatic pressure displaces at least 
a pbrtiori of the water in the coalbed without altering the coalbed structure. The de-watered 
coalbed having the same structure may b^^^^ To the extent that 

theteduced water piermeabiUty excludes.W^ cpalbed reservoir the econornic life 

20 of the coalbed is extended, a reduced volume of w^ beremoyed by water 

confinement wells, and the coalbed gas produced may contain less water. In fact, overall 
water production should be lower than wth aiiy production scheme (ECBM or otherwise) 
becauseof the displacement of water from the coal and the reduced permeabihty to water. 
Water handling costs should be lower as well, particularly relative to the quantities of 

25 coalbed methane produced. Naturally, this technique could be used in applications other 
than the production of coalbed gas where water penneahility of the subterranean formation 
is important: 

Aiiother embodiment of this invention comprises maintaining increased (Resorption 
of coalbed gases from the surface of the organic matrix of subterranean formation or 
30 coalbed; The production of coalbed gas from a ^e^watered coalbed can involve;: (1) 

production of gas and lowering of pressure in the immediate vicinity of the wellbpre; (2) the 
desorption of coalbed methane from the coal matrix into the cleats due to the pressure 
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reduction; and (3) ttie accelerated producti^^ 

coalbed as the radius of influence of the pressure drawdown increases throughout the 
coalbed. These may be are optimized when the coalbed gas desorption rate is known and 
the removal rate of coalbed gas'from the coalbed is never less than the desorption rate from 

5 the surface of the organic matrix of the coalbed or subterranean formation. However, 

withdrawal rates must not be so great as to lower the pressure of the formation so as tp dr.w 

.- v^aterintotbecoalfed/Oneaspectofthisinvehtionisth^^^^^^^ 

desorption rate of the coalbed gas fioiri the coalbed by calculatirig a coalbed gas desorption 
rate at which the coalbed g^ d^oibs fiom the coalbed. Producing the estimate may involve 

,0 theusebfadeiort>tionrafecali:«latibneleni^tsinth^ Based on this estimate, a gas/ 

removal r^te is deti^ed wWch is optiinally never 1^^ 

desorption rate. Determining the coalbed^gas rfeiftoval rate may iiivolve the use of a g:^ , 
removal rate calculation eldnent Subsequently, Ae coalbed gas is removed fiom the , 
production well at the calculated cdalbed gas rem6val rate. Since.this removal r^te inay be 
,5 calculated to be a value hot substantialiy^greMerth^ 

have a pressure which induces the least amouttt of water to be drawn into the coalbed. The 
waterconfmementwellsmayaWbeusedtbassistintheremovalofcoalbedgastp ., . 

maihtaih or est^lish a reduced coalbed g^^^ 

stimulated production weiis. 
20 In an additional embodiment of the invention, an appropriate amount of coalbed 

stimulation gas to be used based upon detem^ined characteristics of the coalbed: One.such 
-r characteristicmaybesorbedcoalgasvolumealthoughothercharacteristicscpuW 
" determinedJtodadditionallythecharacteri^ticsmaybeinterdependentonpneanoth^^ 

Simulations may have to be run to weigh these characteristics to estimate the stimulation 
25 gas having an appropriate amount to stimulate the coalbed reservoir. Because the amount of 
. . stimulation gas estixh^ted is the minimum amount to stimulate the coalbed gas reservoir, 

ebklbed gas removed from the production well may not require cleanup for pipeline use. In 
w: simulationsoftheprbsentmethodwith^trogenvthenitrogencontentoftheinitially , 

produced gas may be l^s than ten Volume percent and optimally less than four volume per 
30 cent, under stable stabilized coalbed gas removal conditions, and the percentage may 

decrease with time: The clean coalbed gas havirig low levels of contamination by nitrogen. 
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results from the limited quantities of stimulation gas injected and its dilution from the large 
quantities of the coalbed methane gas mixture produced after stimulation. 

In yet another embodiment of the invention, the stimulation of a producer may be 
accomplished by mechanical or chemical alteration of the coal and coalbed's physical 
5 structure. These stimulatjton methods employ high pressure coalbed stimulation gas, acid 
treatments or other coalbed altCTation elements to induce fi:acturing and creation of cavities 
(cavitation). These forms of stimuli the well's drainage radius by 

improving the coaFs absolute permeabijity or increase the well's productivity index. Thus, 
the mechanical and chemical technique^ stimulate wells differently than the present 
10 invention iaiid should be considered as a separate and distinct method of enhancing 
productiom Howejyea; it may be pc^ achieve a fiirthqr mcrease i^ production by 

applying tlie present invq^tion in addition to a mechanical or chemical stimulation. In aiiy 
case, > limited degree of fracturing m^y p^^ viciruty of the well bore 

when the present invention is appli^ to a soft cpal. This mmor degree of fracturing is 
15 probaWy affi imayp^^ 

In another embodunent of the inventiopi several adjacent producers Avithin a field 
may be stimulated shnultaneppsly. lliis technique would de-water a large i>ortion of the 
reservoir b^fpre the cqiiimencemeErt of pr The period of gas injection could be 

increased at a central well or to establish gas saturation at surrounding producers. This 
20 technique may d^-water a large region of the coalbed using a single well. A single well 
within a pattern could be stimiilatetl for a lirnijed period before being placed on production 
In tiiis caisei the outer wells could serve as barriers to prevent watQ- encroachment and to 
fiirther reduce the overall pressure in the reservoir. Finally, a central region of the reservoir 
coinprising several wells can be de..watered by gas injection, and a surrounding pattem of 
25 unstimulated producers can be used to prevent water encroachment into the dewatered area. 
In yet another embodiment, the stimulation technique may be repeated on a 
particular well (or wells). The technique may also be used on wells that were previously 
produced by conventional means and are therefore partially de-watered. The increase in 
recovery may not be as dramatic as its application to a virgin reservoir, but it may be 
30 significant. 

In many of die above mentioned embodiments the stimulation compressioii costs are 
significantly reduced. This invention does not always employ high injection pressures. In 
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fact. U is most effidently operated by mamtaining th^ ^ 

reservoir pressures. It is only necessary to moderately exceed the prevailing hydrostatic 

gradient, in addition, the gas injection (or stimulation cycle) is only perform^^ 

perioi In comparison, a typical ECBM procedure requires continuous or almost continuous 

5 -ajeetion at high injection pressures and gas rat^ to drive the gas mixture to the produce. 
Lastly, this invention may be api>Ued to ^y r^^^^^ 

^.'Jb^ation Whosc^g^ is physically held (sbrbed) onto the surface of an organic matrix and 
can be released by a reduction in pressure. In this mzmcr water associated w^th a portion of 
•tiieco^lb^isdispi^^^ ; ■ ^ 

The following examples of both apparato^^^^ 
simuMion are representative axid db not limit the i^ossible scenarios and variations of using 
this invention. A stiitiulation gas is applied te a production weU to^^^ 
repeated pattern ofproducersW320^acrespaein^.ak shown in Figure 7 . Thecoalbedis . 
.5 fully watkWated and has riot been previously prc^uced. The pemieabili^ of thp , 

cbalbed is 1 Darcy, and its depth is 700 ft. A stiim 
■ perfbrined by iiaectirtg 60 thousand sta^^^ 

subsequently placed on production fot the mha&der of bne year. ;The cunmla^^^ _ 
methane production as a function of time is-shown it. Figure 8., Also shown in. Figur^« .s^ 
20 the cumulative coalbed methane production that results ftom a conventional gas depletion 

- procedure The stimMated well yields a SO^fold increase in cumulati^^ . 

- cor^pared to the coitventiorially produced well. The gas: Water ratios for th. stimulated.^d. 
unstimulated wells were 3.9 and 0.12 mscm,bl. respectively: The maximum mtrdgen . 
content in the stimulated.pfoducer's product gas was 3.0 volume percent. This.exainple 

25 demonstrates the draiiiaUc increases in coalbed gas production that are possible with flus 
invention. It is also illustrative of the potential commercial benefit that can be denyed from 
- th6 production of clean cbalbed- gas that does not re^^^^^ 
introduction into a gas supply pipeline. 

As a second example, a stimulation was perfomied ona well that was previously on 
30 production by a conventional depletion method for one year. The reservoir description and 
production well pattern are the same as for the first example. A 1 0-day stimulation was 
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performed as before^ The cumulative production history for the stimulated well and the 
well that is continuing to be produced on primary are compared for the second year of 
production as shown in Figure 9, The stimulated well produced 40 volume percent more 
coalbed methane. The gas: water ratios for the stimulated and imstimulated procedures 
5 were 8.7 arid 6.1 miscf/bbl, respectively. The maximum nitrogen content in the stimulated 
producer's product gas was less than 5.0 volume percent. This example demonstrates that a 
substantial increase in coalbed methane production is possible when the technique is applied 
to a well that is already under production. 

It should be understood that the apparatuses and methods of the embodiments of the 

10 present invention and many of its atteiidant advantages will be understood fiom the 

foregoing description and it will be apparent that various changes may be made in the form, 
construction arid arrangement of the pails thereof without departing from the spirit and 
sCOpb of the mvention or sacrificing all of its material advantages;^ the form hereinbefore 
described beiilg^ irierely a preferred or exempl^ury embodiment ..thereof. 

15 Particularly^ it should be imderstpod that as the disclqsxure relates to elements Of the 

invention^ the words for each element niay be expressed by equivalent apparatus tmns or 
mettiod terms^-eiven if only the fiuiption pr result is the same. Such equivalent, broader, or 
even more generic terms sbpuld foe cohsido-ed tQte encompassed in thq . description of each 
' element or action: Such terms caii, be substituted where desired to make explicit the. 

20 iinplicitiy broad coverage to which this invention's entitled. As but one example, it 5hould 
be understood that all action may be expressed as a means for takiiig that action or as an 
element which causes that action. Similarly, each physic^ element disclosed should be 
tiiiderstdbd to encompass a disclosure of the action which that physical element facilitates. 
Regarding this last aspect, and as but one example the disclosure of a "stimulated coalbed 

25 reservoir" should be understood to encompass disclosure of the act of "stimulating a 
coalbed reservoir"--whether explicitly discussed or not— and, conversely, were there only 
disclosure of the act of "stimulating a coalbed reservoir", such a disclosure should be 
understood to encompass disclosure of a "stimulated coalbed reservoir". Such changes and 
alternative terms are to be understood to be explicitly included in the description. 

30 Additionally, the various combinations and permutations of all elements or applications can 
be created and presented. As to the claims* use of the term "cornprise" or variations such 
as "comprises" or "comprising", unless the context otherwise requires, these terms are 
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intended to imply the inclusion of a stated element or step or group of elements or steps but 
not the exclusion of any other element or step 6r "^oup of elerhents or steps. Such terms 
should be interpreted in their most expansive form so as to afford the applicant the broadest 
coverage legally permissible in countries such as Austraha and the like. 
5 Any references mentioned, including but not limited to the references in the 

applicaUp^ to a 'TD^eldpment Of A Portable Data Acquisition Systein And Coalbed 
Methane Simulator, Part 2: Development Of A Coalbed Methane Simuiator",are hereby 
incorporated by reference or should be considered as additional text or as an additional 
exhibit or attichineiit^ to fti^applicatidn tb thb ektfeht perniitted;^ to the extent 

st^eiient^mi^tbe<»nsid^ed ifl^iisist^^ invention(s) 
such statements are expressly not fei b^ t^iisi^ Further, the 

discitfsure should h6 understood to incliide s&pport for ^ch featiiire, (idmpbnent^^ and step 
shown as separate and independent inventions ^iveli ^ &e van^^ and 
permutations of each. 

15 
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yi. claims; 

1. An apparatus for coalbed gas productioni comprising: 
. a. a coalbed; 

b. coalbed gas sorbed to coal in said coalbed; 

c. water associated with at least a part of saijd co^l]^ 

d. at least one productioawell which conmi^ gas- 
Ci x^ :.. a coalbed stimulation gas; 

f- a stimulatipn gas tr^^ 

, a prp<Juctioii ;well coi^lipg element res^naye to smd stimulation gas 
transfer el^rat ^ch d^^ gas to said coalbed within 

h, ^ water disiriacementpei^ 
. . i. a Stimulated coalbed gas reservoir 

j, at least one water confinement weli communicating with said coalbed located 

distance firom said at least one production well; 
k. at least one water transfer element; 

1. at water confinement well coupling element responsive to said water transfer 

element and to said at least one water confinement well; 
m. coalbed gas desorbed into said stimulated coalbed gas reservoir, 
n. at least one coalbed gas removal element; 

o. at least one coalbed gas removal element coupler responsive to said at least 
one coalbed gas removal element and said production well; and 

p. at least coalbed gas removed from said stimulated coalbed reservoir through 
said at least one production welL 

L An apparatus for coalbed gas production as described in claim 1 , wherein said water 
associated with at least a part of said coalbed has a hydrostatic pressure and wherein 
said coalbed stimulation gas has a pressure greater than said hydrostatic pressure 
which displaces said water. 
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An apparatus fot coalbed gas production as d^cribed in claim 2, wherein said 
cbalbed stimulation gas has a water ^splacement pressure not substantially larger 
tiian said hydrostatic pressure. 

An app^ius for coalb^ gas production as descriljed in claim 3, wherein said at 
least one water confinement well removes at least a pbrtibii o^^^d displaced water 
encroaching upon said at least one production well. 



5. All apparatus fof coaibed gas prodiiction as described in claim 4, whw^^^^^ at 
least one Water coiifmemeht well haii a l<k:ation said water displacement 

•paimet^ surrounding said production we^^^^^ 

,0 6. An apparatus for coaibed gas production as described in claim 4. wherein said at 

le^t one production Well his a loeafidii ^t ibdu^^ of an approximately 40 to 

320 acre trabtoflsih^v " ' .'; . . v 



7. 



15 8. 



An apparatus for coaibed gas production as descnbed in claim 6, ^yherein said 
approximately 40 to 320 acre tract of land has a substantially square perimeter, 

An- apparatus for bbalb«i gas prbductioii as de^^^ 
approximately 40 to 320 acke tract of land havinjg a substa^^ 
adja6erit to a ahothCT approximately 40 to:320 aete:^^^^ 
substantially square perimeter having a production welL- , , , 

9. An apparatus for coalbed^gas-productioh as described in claim 6, wherein said at 
20 leist one wat^ confinement well has a location at the extent, of said approximately 

40: to 320 adre tract of land, . , '. 

10. An apparatus for coaibed gas production as described in claim 4, wherein said at 
. least one production welt further comprising a dranage radius and said at least orie 
cohfiriement well has a location at about a bound^y of said drainage radius. 
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1 1 . An apparatus for cdalbed gas production as described in claim 4, wherein said 
stimulated coalbed gas reservoir has det^niined characteristics used to calculate an 
appropriate amount of coalbed stimulation gas to stimulate said coalbed gas 
reservoir having said deteraiined characteristics so as to produce coalbed gas 

5 containing less than four percent stimulation g;as per unit volume under stabilized 

coalbed gas removal conditions. 

12. An apparatus for coalbed gas production as described in claim 4, wherein said 
walb# stimulation gas^^i^^^^ 

: reservo said det^mined eharactm 

' 0 containing less than ten percent stixriulatipn ga$ per. unit volume under stabilized 

coalbed gas removal conditions. 

13: V An appar^tn^ ga^ prc>duc$iop as desc^ 1 1, wherein said 

coalbed stimulation gas transfer element delivers said coalbe^ stimulation gas to said 
coalbed- in a vicinity of said at least one production well for a duration of about eight 
15 to^tiiirl^days. - ^ > . 

1 4. An apparatus for coalbed gas production as described in claim 1 1 , further 
comprisirlg a calqiilated coidbed gas^ desoiptjon rate at which said coalbed gas 
desoihs &om^ said coal aiid wher^ii said coalbed gas removal element has an 
calculated ayefrage coalb which, is never, less thzyti said, calculated 

20 coalbed gas desorption rate. 

1 5. An appiMatus for coalbed gas production as d^cribed in claim 14, fiirUier 
comprising at least one coalbed gas removal element fluidically coupled to said at 
least one confinement well which assists said at l^t one coalbed gas removal 
element to remove coalbed gas at said calculated coalbed gas removal rate. 

25 16. An apparatus for coalbed gas production as described in claim 15, wherein said 

coalbed stiniulatibn gas has a pressure calculated ta avoid altering the structure of 
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said coalbed and wherein said stimulation gas pressu^^ a reduced water 

permeability to said stimulated coalbed gas reservoir. 

17. An apparatus for coalbed gas production as described in claim 1 6, further 
comprising a coalbed structure alteration element which acts after a portion of said 

5 coalbed gas is removed from said stimulated coalbed reservoir. 

1 8. An apparatus for coalbed gas production as described in claims 1, 3, 4, 11, 14, 16, 
wherein said coalbed stimulation gas is selected from a group consisting of nitrogen, 
carbon dioxide, air oir a gas less sorptive to coal than m^ 

19. An apparatus for coalbed gas production as described iii clm^ 18^ wherein said 
10 coalbed has previously had coalbfed gas removed prior to deKvqry of said coalbed 

stimulation gas to said coalbed. 

20. A method of producing coalbed gasy which comprises the steps of: 

a. locating acoalbed having coalbedgas sorbed to coal; 

b. establishing at least one production well connmunicating with said coalbed; 
,5 c. \ establishing at least one water confinement well cqminumcating with said ; 

coalbed at a distance from said at least one produetipii well;; 

d. injecting a coalbed stimulation gas to said coalbed through said production 

;■ •. -,>: ■■' well;- . . -■ • . y 

e. displacing water in said coalbed surrounding said production well with said 

20 coalbed stimulation gas; 

f. establishing a water displacement periineter surrounding said at least orie> 
production well; 

g. stimulating said coalbod.within said water displacement peri^^^^ 
stimulation gas; 

25 h. . desorbing said coalbed gas sprbed to said coalbed; and 

i. confiiiingsaid water displaced from said coalbed stirrpundihg said at le^^ 

one production well; and 
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j- removing at least said desorbed coalbed gas fiom said cpaljbed thiough said 
at least one production weU. 



21. 
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A method of producing coalbed gas as described in claim.20. wherein said stq>s a. to 
j occur in that order. 



A method of producing coalbed gas as described in claim 21, wherein said steps g. h, 
i and j occur about simultaneously. , , 

A method of producing coalbed gas a? descnT>ed^^i^ 

displacing water in said coalbed surrounding said production well with said coalbed 
stimulation gas comprises using coalbed stimulation ga^ 
displacement pressurenot substantially larg^tlia^ 

24. A method ofproducing coalbed gas as described in claim 23, wherein said step of 
establishing said at least one water confinment well consmunicating . with said 
coalbed at a distance from said at least one production well. 



A methodof prpduGing coalbed gas as descnTied in claim 
establishing said at least one water cpnfeement/well comiiiunicating with said 
coalbed at a distance from said at least one production well comprises locating said 
at least one water confinem«it well at a boundary of apioductibn well drainage 
radius 'for said at least one production Well. 

Amethod of producing coalbed gas as described in claim 23, wherein said step of 
establishing at least one production well comprises locating said at least one 
production w0ll at about a ceiitroid of an approximately 40 to 320 acre tract of land. 

A method of producing coalbed gas aS described in claim 25, wherein said 
establishing Said at least one production well at about said eentroid of said 
approximately 320 acres comprises establishing a substantially square perimeter and 
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est^lishing said at least one water confinement wells at each comer of said 
substantially square perimeter. 

28. A method of producing coalbed gas as described in claiiii 24, which further 

comprises the steps of : 
5 a. determining a characteristic of said stimulated coalbed; and 

b. calculating ah appropriate amomit of coalbed stiimulation gas so as to 
piodiice coalbed gas cbhtaiiung less than abbut four percent^s^^ 
per iinit volume liinder stabilized bbaflbed gas rehioVal cohditidiis.' 

29. Atti^thbdofprodiicihgctoalbedgasas^^^ 

]0 calculating an appttipriate amoiflit of coalbed stiMtilalion gas comprises calculating 

said appropriate amount of coalbed stimulation gas to produce coalbed gas with less 
than about tCT per cent stimiilatioh gasi>eritoit volumeTO(ieir st^^^ 

■ removal cbhditioite. 

30. A method of producing coalbed gas as described in claim 28, wherein said step of 
is calculating an Appropriate amount of coalbed stiinulation gas comprises calculating 

said appropriate amount of coalbed stimulation gas to produce coalbed gas with less 
than about ten per cent, stimulation gas per unit volume under stabilized coalbed gas 
ronoval conditions. ■ . .:• . - 

31. Amethod of producing coalbed gas as described iii «laira 28; further comprising a 
20 calculated coalbed gas desorptibn rate at which said coalbed gas desorbs from said 

coal and wherdft said coalbed gas riemoval element has a isalculated average coalbed 
gas removal rate which is never less than said calculated coalbed gas desorption rate. 

32. A method of producing coalbed gas as described in claim 31,- which further 

comprises the steps of: 

25 a. • injecting a gas into said coalbed through said production well having an 

injection gas pressure sufficient to reduce the water pemieability of said 
coalbed; 
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b. displacing said water fix)m at least a portion of said coalbed^^ 
substantially altering said coalbed structure; 

c. reducingthewaterpenneability of said coalbed; 

d. excluding at least a portion of sajd water from entering to said reduced 
permeability coalbed. 

33. A method of producing coalbed gas as described in plaim 32^ whicli further 
comprises the steps of iniectiiig a gas int?>^ said cobbed through said production well 
having an injection gas pressure sji.f)5?a^t tp cayitate s^d coalbed. 

34. . . A TOetl^od of producing coalbed gas as de^bed in chi^ 20^ whicl^ fbther : 
I pomprisesrepeafe^^ 

35i A method of producing coalbed,g?s as de^^rjb^d jn claims 20, 22, Z3> 28, 30, or 32, 
wherein said coalbed stimulation gas is selected from a group consisting of nitrogen, 
carbon dioxide, air or a gas less soiptive to coal than methane. 

36; A coalbed gais produced in accordance with the met^ of claijns ?0, 22, 23, 28, 30, 

iS ■(or32:-- ■ ......... . .' ' "• 

37. An apparatus for coalbed gas production, comprising: 

a. a coalbed; 

b. coalbed gas sorbed to coal in said coalbed; : : . 

c. at least Pne production well which; cpmmqnicates w^ 

20 d. a coalbed gas resatvoir having detained characteristics; 

e. a <»albfcd stimulation gas of having.an amount appropriate to said 
determined charactmstics of said coalbed gas reservoir; 

f. a coalbed stimutetion gas transfer element; . . - 

g. a production well coupling element responsive to said stimulation gas 

transfer element which delivers said stimulation gas to said coalbed in a 
vicinity of said at least one production well; 

h. desorbed coalbed gas from said coal in said coalbed gas reservoir; 
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i. a coalbed gas removal element; and 
j. at least clean coalbed gas. 

38. An apparatus fot coalbed gas prbductidn as described in claim 37, wherein said 
coalbed stimulation gas is an amount appropriate to stimulate said coalbed gas 
5 reservoir having said determined characteristics so as to produce coalbed gas 

containing leis thto about four percent Stimulation gas per unit volume under 
stabilized coalbed gas removal conditions. 

39. An apparatus for coalbed gas production as described in claim 38, wherein said 

coabfed sti^iilatioh gas W ^ 
,0 reservoir having siid determined characteristics so as to produce coalbed ^as 

containing less than about ten percent stimulation gas per unit volume under 
stabilized coalbed gas removal conditions. 

40. Ah apparatus fdr coalbed gas productioti as described in claim 35, further 
comprising a calculated codbed gas desbrption irate at which said coalbed gas 
desotbs from said coal and wherein said coalbed gas removal element has a 
calculate average Cdalb^ gas rfemoval rate which iSnever less th^ said calculated 
'coalbed gas desotptiohratev^ < 

41 . An apparatus for coalb^ gas production as described itt claim 40, fwttier 

comprising: 

20 a. waterinatleastaportionofsaidcodbedgaSreserypir; . / 

• b. abater displacement perimeter;, and 

c. at least one water cohfinement well which communicates with said coalbed 
to remove water encroaching on said water displacement perimeter. 

421 An apparatus for coalbed gas production as described in claim 4.1 , wherein said at 
25 least one water confinement well which communicates with said coal is located at 

said water displacement perimeter. 
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43- An apparatus for coalbed gas production as described in claim 41, wherein said at 

least one coalbed gas removal element coupled to said at least one confinement well 
assists said at least one coalbed gas removal element to remove coalbed gas at said 
calculated coalbed gas removal rate which is never less than said calculated coalbed 
gas desoiption rate.- 

44. An apparatus for coal^e4 gas production as desc^ 
least one production well has a locatipn at alwut a c<^itroid of an proximately 40 to 
320 acre tract of land. 

45. A«appara»K:f0rcoalbe4ga^:pro{hictipn,a^^ 
least one water confin«nenJ: ?vell lias a location at Jfliq extent of said apprpximately 
40 tO' 320 acre tract, of Isttid. 

46. An apparatus for coalbed gas production as described in claim 41, wherein said at 
least one water coi^eojent well basa location at about a boundary of a production 
well drainage radius for sfaid at least one ptod^c 

15 47i. An: Apparatus for coallwd gasproductiona? deSCTibed in claim 41, wherein said 

coalbed stimulation gas has a pressure calculated to avpid altering the structure of 
said coalbed and wherein said stimulation gas pressure induces a reduced water 
peitneidbility to said stimulate codbed gas re^e^ 

48. An iapparatus for coalbed g^ production as described in claim 47, furdier 

20 comprising a coalbed structure alteration element which acts ^er a portion of said 

coalbed gas isremoved fiom said stimulated coalbed reservoir. 

49. An apparatus for coalbed gas production as described in claim45, wherein said 
approximately 40 to 320 acre tract of land has a substantially square perimeter. 

50. An apparatus for coalbed gas production as described in claim 49, wherein said 

25 approximately 40 to 320 acre tract of land having a substantially square perimeter is 
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adjaceiit to a another apfiroximately 40 to 320 acre tract of land having a 
substantially square pearimeter having a production well. 

51. An apparatus for coalbed gasprbduction as described in claim 37, 3^, 40, 41, 42 6r 
43, Wherein said coalbed stimulation gas is selected from a group consisting of 

5 ' nitrogOT, carbon dioxide, air, or a gas liesssbrptive to c^^^ 

52. A method of producing coalbed^i which comprises the steps of: 
a. locating a coalbed having coalbed gas sorbed to coal; 

b/ establishing at least one ptoduction well to oornnium^^^ 

'gb; ■■ . " ^ . ... . 

10 c. d^t^iiiiiig'achaTacteristitbfsaidM^^ 

d. calculating an appropriate volume of a coalbed stimulation gas to inject into 

said coalbed having said'characterifetic; , 
e: injecting said calculated volume of sMd simulating gas^ into said coalbed 
reservoir; 

,5 f. stimulating said coalbed gas reservoir; 

g^ desorbing at least a portion of said coiift edglas sorbed onto 

. stimulated coalbed reservoir, and 
h. removing coalbed gas from said coalbed reservoir. 

53. A method of producing coalbed gas as described in claim 52, wherein said step of 
20 calculating said appropriate volume of said stimulation gas to inject into said 

coalbed gas reservoir comprises calculating said volume of said stimulation gas 
which.results in produced coalbed gas from said production well having less than 
about ten per cent stimulation gas per unit volume of produced coalbed gas. 

54. A method of producing coalbed gas as described in claim 52, wherein said step of 
25 calculating said appropriate volume of said stimulation gas to inject into said 

coalbed gas reservoir comprises calculating said volume of said stimulation gas. 
which results in produced coalbed gas from said production well having less than 
about four per cent stimulation gas per unit volume of produced coalbed gas. 

29 
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55. A method of producing coalbed gas as described in claim 54, further coinprising the 
step of using a stimulation gas amount calculation element: 



56. A method pfproducing coalbed gas as described in claim 54, wMcbftnther 
comprises the steps of calculating a coalbed gas de^orption rate at which said 

5 coalbed gas desorbs from said coal and wherein said step of reinovin&cpalbed gas 

from said coalbed reservoir has a calculated average rate which is never less than 
said calculated coalbed gas desorptjon rate. 

57. A method ofproduc*ig coalbed gas as descpbedmclai^l 

ronoving coalbed gas fr6m said coalbed reservoir at said calculated coalbed gas 
10 removal rate comprises rempving coalbed gas from said water eonfinranent wells. 

58. A method of producing coalbed gas as described ih claiip; 57, Wherein said step of 
calculating said desorption rate at wWph said coalbed gas desdibs from said coal 
fiirther comprises usmg a desorption rate calculation elemoii 



IS 



59. A ipethqd of producing coalbed gas as d^ribed in claim 57, wherein said step of 
removing coalbed gas from said coalbed reservoir further);bmpnses calculating a 
coalbed gas removal rate using a gas removal rate calculation element: 

60. A method of producing coalbed gas as descril>ed in claim 50, which fiirther 
comprises the stqjs of: 

a. locating water in at least ^ portion of said coalbed gas reservoin 
20 b. calculating a water dispiacemtait pressure not substantially larger th 

hydrostatic pressure to displace at least a portion of said water from said 
coalbed gas reservoir; 

c. displacing said water in said at least a portion of said coalbed gas reservoir; 

d. establishing a water displacement perimeter; 

25 e. establishing at least one water confinement well to communicate with said 

water located at about said water displacement periineter; and 
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f. maintaining said water displacement perimeter by temoving said water 
encroaching upon said water displacement perimeter. 

61. A method of producing coalbed gas as described in claim 60, wherein said step of 
calculating said Water displacement pressure hot substantially larger than said 
hydrostatic pressure to displace said water comprises us^ 

calculation element. 

62. A method of producing coalbed gais as described in claim 60, Which further 
coinprises the steps of: 

a. injecting a gas into said coalbed having ah injection gas pressure sufficient to 
reduce the water peniieability b^^ 

b. displacing said water from at least a portion of said coalbed without 
substantially altering sffld coalbed s^ 

d: redlining the water permeability of sai^^ 

d: excluding at least ^portion of said water froiii entering to said reduced 
15 pemieability coalbed. 

63. A iiiethod of prc>ducing cbalb^^ as described in claiiH^2, wherein said step of 
injecting a gas into said coalbed having an injectidh gas pressure sufficient to reduce 
the water permeability of said coalbed comprises calculating a approximate 
minimum stimulation gas pressure to reduce the water permeability of said coalbed 

20 reservoir. ■ ■ ' 

64. A method of producing coalbed^gas as described in claim 63, wherein said step of 
calculating a minimum stimulation gas pressure to reduce the water permeability of 
said coalbed reservoir comprises using a reduced permeability gas pressure 
calculation element. 

25 65. A method of producing coalbed gas as described in claim 63;^ which further ■ 
- comprises the step of cavitating the coalbed gas reservoir. 
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66. A cpalbed gas produced in accordance with the method of claims 52, 54, 56, 60, 62 
or65. 



67. 



68. 



15 



25 



A method of producing coalbed gas as described in claim 52, 54, 56, 60, 62, or 65, 
wherein said step of establishing at least one production well comprises locating said 
at least oneproduction well at about acentro^pf anapproji^ 
acre tract of land. 



A method of producing coalbedgas as describ^ iii plaim 67, wh^ein said step of 
estabhshing at least one water confinraient well comprise? locating four water 
confinement wells located at the ^?oiners of a sub 
10 ^conipassing said approximatiBly 4Q ac?re.!^^^ 

69. A method of producing eoalbed gas as dcKJiib^ in claim 68^ which fiirther 

comprises the step of Ippating said at least one production M^e^^^ adjacent to another 
approximately 40 acre to 320 acre tract of lanAhayiBg a production well. 



70 A method of producing coalbed gas as described in claim 69, wherein said step of 
injecting a stimulation gas into said coalb<?4 reservoir cppiprises injecting 
stimulation gas selected &ym a group consis^ting of ^trogen gas, caitpn dioxide gas, 
air, or a gas less sorptive to coal than methane. 



71. An apparatus for coalbed gas production, comprising: 
a. a coalbed; 
20 b. coalbed gas sorbed to said coalbed; 

c. at least one production well which oommunieates with said coalbed gas; 
d: desorbed coalbed gas from said coalbed having a palculated gas desorption 
rate; 

e. a desorbed coalbed gas removal system having a coalbed gas removal rate 

which is never less than said coalbed gas desorption 
f a production well coupling element responsive to said desorbed gas removal 
element and said production well; and 
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g. coalbed gas removed from s^d cbklbed gas rieservom 

72- An apparatus for coalbed gas production as described in claim 71, wherein said at 
least one production well has a location approximately at a centroid of an 
' aijpbximately 40 aci-e to 320 acre tract of 

5 73. Aii apparatus for coalbed gas production as descfibed in claim 72, wherein said 

appro5dmately 40 acre to 320 acre tract of land has a substantially square perimeter. 

74: Aii apparatus for coalbed gas production as described in claim 73, whereiit said 
- approximately 40 acre to 320 acre traiet of rjmd.ha>ra 

pefifneter has a locatibti adjacent to anolfeer apptoidmately 40 acre to 320 acre tract 
1 0 of land having a production well. 

75. An apparatus for coalbed gas production as described in claim 74, wherein said 

injecting a coalbed stimulation gas into said coalbed reservoir comprises injecting a. 
coalbed stimulation gas selected from a group consisting of 
dioxide gas, air, a gas less sorptive to coal than methane. 

\5 76. An ipparatus forcoalbed ga^ 

comprising: - 

a. a coalbed stimulation gias; . . .. 

b. a boalbed stimulation gas traiisfer element to deliver said stimulation gas to 
said at least one production well; and 

20 " c: a stimulated coalbed gas rc&ervoiri 

77. An apparatus for coalbed gas productioii as described in claim;76, further 
comprising: . . - • • ', 

a. water in at least a portion of said Coalbed gas reservoir; 

b. a calculated water displacement pressure not substantially larger than said 
25 hydrostatic pressure to displace at least a portion of said water from said 

coalbed gas reservoir; 
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c. awaterdisplacementperimeter; and . . . . 

d. at least one water confinement well to communicate with said water located 
. at about said water displaqem^t pepine^^^^ 

5 78. An apparatus for coalbed gas piroduction as; d^rib^ in «Iaim 77, whCTein said at 
least one confinement weD has a location at about said watw displaccanent 
; perimeter assists said prodwcti^n well to remoy^ cpallM ga§ j|t saia coalbed gas 
removal rate which is never leK thgn said ipalb^ 



to 



79. Aii apparatus for coalbed gas producti<m a? ^escrib^ in claim 78, wherein said ^t 
'least one wat^ confinement weltconaimses locating f^^^^ ^ells 

located at comas of sdd su^tanti^ly square p!^ 

80. • An apparatus for coalbed gas production as described in claim 77, finther 

comprising: 

■ • ; a^: ' a characteristiepf said coalbed; 

15 b. an appropriate valume of a coalbed stimulation gas based ujpon said coalbed 

characteristic; 



81. An apparatus fo» coalbed gas production^ de»aibed in claim 80,^^ w^^ saidv 
appropriate volume of a coalbed stimulation gas based upon said PoaU?ea 
characteristic results in coalbed gas removed from s^d stimttlated coalbed gas 
reservoir which contains less than; four per cent stimulation gas per unit vpluine. 



20 



82. An apparatus for coalbed gas production as described in claim 81, wherein said 

coalbed stimulation gas has a pressure calculated to avoid altering the structure of 
said coalbed and wherein said stimulatipn gas pressure induces a reduced water 
permeability to said stimulated coalbed gas reservoir. 

25 8i3; ! A liiethod of producing coalbed gas, which comprises the steps of: 
al. locating a coalbed having coalbed gas sorbed to coal; 
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b; establishing at least one production well to communicate with said coalbed 
gas; 

c. injectirig a stimulation gas into said coalbed; 

d. terminating injection of said gas to said coal; 

5 e. desorbing said coalbed gas sorbed onto said coal; 

f: • calculating a d^orptioh rate at which said coalbed gas desorbs from said 
toal; iand 

g. est*lishing a'coalbed gas removal rate which is never less than said 
' calculated desorption rate. 

10 84. A method of producing coalbed gas as described in claim 83, wherein calculating 
skid desorption rate at which smd coalbed gas^^^^ said coal comprises 

^ us&g d desorption rate calculatidn^lement. 

85. A method of prbdticiiig coalbed gas as described in claim 84, wherein establishing 
said Gbalbed gas reifnoval rate which is Jieyer less than said calcula^^^^ desorption 
rate further comprises using a coalbed gas removal rate calculation element. 
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86. A method of producing coalbed gas as described in claim,85, which further 
' comprises the stepsrof: 

a. locating water in at least a portion of said coalbed gas reservoir; 
20 b. calculating a water displacement pressure not 

hydrostatic pressure to displace at least a portion of said water from said 
coalbed gas reservoir; 

c. displacing said water in said at least a portion o^^ 

d. establishing a water displacement perirneter; 

25 e. establishing at least one water confinement well to communicate with said 

t water located at about said water di^lacement perirneter; and 
f. maintaining said water displacement perimeter by removing said water 
encroaching upon said water displacement perimeter. 
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87. A method of producing coalbed gas as described in claim 86, wherein said step of 
establishing a coalbed gas removal rate which is never less than said calculated 
desorption rate further comprises removing said coalbed gas through said 
confinement wells. 



5 88. A method of producing coalbedgas as described in claim 86, which further 

comprises the step of calculating an appropriate voliune of said coalbed stimulation 
g;as to inject into said coalbed based upon a characteristic qf said coalbed which 
results in produced coalbed gas firom said producticm wellhaving less than four per 
cent stimulation gas per unit volume of produced coalbed gas. 

10 89: A nwrthod of producing coalbed gait as. describe 

comprises the step of calculating an appropriate volume of said coalbed stimulation 
gas to inject into said coalbed based upon a characteristic of said coalbed which 
results in produced coalbed gas firom SM^^^^ 
cent stimulation gas per 

15 90. A method of producing coalbed gas as described m claim 89, which further 
coiniprisies the step of: 

a. injecting a gas into said coalbed having an injection gas pressure sufficient to 
reduce the wiaterpemieability of said coa^^ 

b. displacing said water froni at least aportion ofsaid coalbed without 
20 siibStantially altering said coalbed structure; 

c. reducing the water permeability of said coalbed; 

d. occluding at least aportion of said water firpm entering to said reduced 
permeability coalbed. 

25 91. A coalbed gas produced in accordatuce with the method of claims 83, 86, 88 or 90. 

92. A method of producing coalbed gas as described in daim 83, 86, 88 or 90, wherein 
said step of injecting a stimulation gas into said coalbed comprises injecting a gas 
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seiedbd frbih a^oup ckjnsisting 6^^^^ 
soiptive to coal than methane. 

93. A method ofproducingcSalbed gas as described in d 

drilling at least one production well comprises locating said produGtiori well 
5 approximately at a ceritrbid of an approxiink^Jly 40 acre to 320 acre fract of land. 

941 A method of producing toalbed gas as d^ribed ih dlaim 93. wherein said locating 
V - said prodhction well apprbxiiriktayaf said 

tract of land comprises estabUshing a substaiitially isquare perimeter and further 
comprising having said at least 6ne confinement well at about each comer of said 

JO sqojaire perimetfer; 

95. A method of producing coalbed gas as described in claim 94, which further 
: coittpiisingilies 

apprdximately 40 acJfe to 320 acre tiact adjacent to ah approxiiriately 40 acre to 320 
acre tract having a production well. 

,5 96. An apparatus for fed jdbbd gas produfctibn, comprising: 

a. a coalbed structure having apermeability characteristic; 

at least one production well which communicates with said coalbed structure; 
an stimulation feas having a pressure in a rahge which alters said permeability 
characteristic of said coalbed and which avoids disruption of said coalbed 

20 • • Structure;' 

d. an stimulation gas transfer element; 

e. a production well coupling element responsive to said injection gas transfer 
blement arid said production well; and • 

f. a reduced water permeability coalbed. 

^5 97. An apparatus for coalbed gas production as described in claim 96. wherein said 
injection gas having said pressure in a range which alters said permeability 
characteristic of said coalbed and which avoids disniption of said coalbed structure 
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is not greater than a pressure necessary to reduce said water permeability of said 
coalbed. 



98. 



An apparatus for coalbed gas production as described in claim 97, further 
comprising: 

. a: ; coalbed gas sorbed on said coalbed structure;; 

b. desorbed coalbed gas from said reduced water permeability coalbed; 
c^ a desorbed coalbed g^ removal system; and 

d, 4esorbed coalbed gas removed from s^rp^cd watei- permeability coalbed 
v thrpughsaidpi^^ 



10 99. An apparatus for coalbed gas production as described in claim ^9^^^^ 
comprising: 

a. water in at feast a portion of said ^c^^^ 

b. > a calculated water displ^^ latter than said 
^ ^hydrostatic pressure, to displace at least a portion of said Avater from said 

coalbed gas reservoii^ 

c. a water displacement perimeter; 

d. at least one water confinement; well: to commuiiicate wrijh said water located 
at about said water displaceiuent perimeter; and 



-100. 
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101. 



An apparatus for coalbed gas production as descrit>e^^^^^^^ wherein said at 

least oneconfmement welllm alocation ataboutsaid w^^^^^ perimeter 
assists said production well to remove coalbed gas at said rate which is never less; 
than a desorption rate of said coalbed. 



An apparatus for coalbed gas production as described in plai^ further 
comprising: 

25 a. a characteristic of said coalbed; 

' b. ^^PP^^Pri^te volume ofa coalbed stimulation gas b^^^^ 
characteristic; 
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102. An apparatus for coalbed gas pr^uctioh^ a^ de^cribed in claim 101 , wherein said 
appropriate volume of a cobbed stimulation gas based lipon said coalbed 
characteristic results in coalbed gas removed from said stimulated coalbed gas 
reservoir which contains less than four per cent stimulation gas per unit volume. 

5 103. An apparatus for coalbed gas production as described ih claim 102, further 
comprising a cal<iulatedcoaibddgjis desorption rate at^^w^^^ 
desorbs Wm said coal ahd ^^herein s^id coalbed gks removal element has a 
calculated coalbed gas removal rate which is never less than said calculated coalbed 
gas desorption rate. 

,0 104. Anm>^ for <»aibed gas pirbductibn as described in claim 103, wherein said at 
leait one production well has a ibcatiori^pprtoximately at a centroid of an 
approximately 40 acre to 320 acre tract of lland. 

105. An apparatus for coalbed gaspibduction as d6^^^ ■ 
approximately 40 acre to 320 acre tract of land has a substantially square perimeter: 

,5 106. Anapparatiisf^r«ialbedg^i^^^^ 

least one water confinemeftt w6li comprises locating fow wa^^^ 

located at comers of said siibstantially square perimeter around said tiract of land. 

107 ; An apparatus for coalbed gas produciSon as described in claim 

approximately 40 acre to 320 acre tract of land hkving said substantially square 
20 perimeter has a location adjacent to another approximately 40 acre to 320 acre tract 

of land having a production well. 

108. An apparatus for coalbed gas production as described in claims 96, 98, 100, 101, and 
103, wherein said stimulation gas is selected from a group consisting of nitrogen,, 
carbon dioxide, air, a gas less sorptiye to coal thah methane. 

109. A method of producing coalbed gas, which comprises the steps of: 
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a. locating a coalbed structure havmg a water permeability characteristic; 

b. establishing at least one production wejl to coinmuiiicate with said coalbed 
structure; 

c. providing a stimulation gas; 

d. injecting said stimulation gas in a manner which avoids disturbing said 
. coalbed structure; and. 

e: • altering said water permeability ^^haracjOTstic of said co^^ structure 
thrpugh^^ injection pfsaidsti^ 
productipny/elL \ 

110. A method of producing coalbed gas as described in claim 1 09, wherein said step of 
providing said stimulation gas comprises provi^ng stimulation gas having a 
pressure which is not ;g^^ to reduce said water - 

permeability of said coalbed structure.. 



15 111: A method of prpducing coalb(B4 gas as d^scarij>^ in claiin 1 10, which further 
comprise the steps of: :,r 

a. locating coalbed gas sorfoed on said coalbed structure; 
bw desorbing coalbeij gas fio^ cp^lbfd haymg, said w peraieability 
> eharacteristic alt^ed by said stim^^ 
removing desprbedvcpalbqd gas 

112. A rhethod of produpirig coalbed gas as described m claim 1 1 1, wherein said step pf 
providing said stimulation gas pprnprises^ ^^^^ stimqlatioii gas having a 
preissure which is not greater than a^pressure necessary to reduce said water 
permeability of said coalbed structure further comprises using a stimulation gas 

25 pressure calculation element. 

113. A method of producing coalbpd gas as described in. claim 1 11 , which further 
comprises the step of calculating an appropriate volume pf said coalbed stirnulation 
gas to inject into said coalbed based upon a characteristic of said coalbed which 
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results in produced coalbed gas froin said production well having less than four per 
cent stimulation gas per unit volume of produced coalbed gas. 

1 1 4. A method of producing coalbed gas as described in claim 113 , which fiirther 
comprises the step of calculating an appropriate volume of said coalbed stimulation 

5 gas to inject into said coalbed based upon a characteristic of said coalbed which 

results in produced coalbed gas from said production well having less than ten per 
cent stimulation gas per unit volume of produced coalbed gas. 

1 15. A method of prodiicing coalbed gas as described in claim 1 1 4, which further 
comprises the steps 6f: . . . ^ 

10 a. locating water in at least a portion of said coalbed gas reservoir; -j- 

h, calculating a water displacement pressure not substantially larger than said 

hydrostatic pressure to displace at least a portion of said w:ater from said : 

coalbed gas reisenroir; 
c. i displacing said water in said at least a por^^ 
15 d. establishing a water displacement perimeter; 

e. establishing at least one water confinement well to conraiunicate with said 

water located at about said water displaeerhent perim^^^ 
f: maintaining said water displacement perinieter by removing SM^ 

encroaching upon said water displacement perimeter. 

20 116. A method of producing coalbed gas as described in claim 115, which further 
^ comprises the steps of calculating a coalbed gas desorption rate at wMeh said 

coalbed gas desoihs from said coal and wherein said step of removing coalbed gas ' 
from said coalbed reservoir has a rate which is never less than said calculated 
coalbed gas desorption rate. 

25 1 17. A method of producing coalbed gas as described in claim 1 16, wherein said step of 
removing coalbed gas from said coalbed reservoir at said calculated coalbed gas 
removal rate comprises removing coalbed gas from said water confinement wells. 
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1 18. A coalbed gas produced in accordance with the method of claims 111,1 13, 115, 
116. 

119. A method of producijng coalbed gas as d^cribed in cl^im 118, wherein said step of 
establishing said at least one.prpduction well comprises locating said production 
well approximately at a centroid of an approximsttely 40 acre to 320 apre tract of 

■ land.:-^ •■ ^ ■ . ..^ . ' . . 

1 20. A method of producing coalbed gas as described in claim 119, wherein said locating 
said production well approximately at said cen^oid of sm<j,apprpximatel^^ 320 a^e 
tract of land comprises establishing a substantially square pqrimeter hs^v^ four 
confinement wells located at about the comeins pf said sub§tantially square perimeter. 

121 . A method of producing coalbed gas as dpscrib^ in clmm 120, ferther comprising 
the step of locating said at least one production well at a centroid of an 
approxiniately 40 acre to 320 acre, tract adjacmt to an approximately 40 acre to 320 
acre tract having a production well. 

122. A method ofproduciiig coalbed:gas as descri 115^ 116, 
wherein said step of injecting a stunulation gas into said coalbed comprises injecting 
a gas selected from a group consisting of nitrogen, carbon d^^ a gas less 
sorptive to coal than methane. 

123. Methods substantially as describca hereinbefore mdwito 
accompanying examples. 

1 24. Apparatuses substantially as described hereinbefore and with reference to any of the 
accompanying examples. 
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Box I Observations where certain claims were found unsearchable (ContinnaHon of item I of first sheet) 



This intemationai report has not been established in respect of certain claims under Article l7(2Xa) for the following reasQn:^: 

1- Claims Nos.: 123 and 124 

because they relate to subject matter not required to be searched by this Authority, namely: 

the claims arc clearly non-statuatory in the absence of any stnicmre or method stcp(s) 
2. j~J Claims Nos.: 

because thior relate to parts of the international application that do not comply with the prescribed requirements to such 
an extent that no meaningful intemationai search can be carried out. specifically : 



3. Claims Nos.: 

because they are dependent bikims ahd arc not drafted iii accoidance with the^ second and third scniaices of Rule 6.4(a). 



Box II Observations where unity of invention is lacking (Continuation of item 2 of first sheet) 



This International Searching Authority found multiple inventions in this iiitemational af^piication; as follow^: 
Please See Extra Sheet 



I I required additional search fees were timely paid by the applicant, this international search report covers all searchable 



claims. 



2. Q As all searchable claims could be searched without effort justifying an additional fee, this Authority did not invite payment 
of any additional fee. 

[xj As only some of the required additional search fees wcie timely paid by the applicant, this intemationai search report covers 
only those claims for which fees were paid, specifically, claims Nos.: 
1-36 and 71-122 



4. Q No required additional search fees were Umcly paid by the applicant Consequently, this international search le^rt is 
restncted to the invention first mentioned in the claims; it is covered by claims Nos.:- 



Remark on Protest [~| The additional search fees were accompanied by the applicant's protest. 

I ^1 No protest accompanied the payment of additional search fees. 
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BOX 11. OBSERVATIONS WHERE UNITY OF INVENTION WAS LACKING 
This ISA found multiple inventions as follows: 

This application conu.ins the foUowinB inventions or groups of inventions whieh a« not so linked as to fonn a single 
IvlXe^cTprunde, PCT Rule 13 1. In order for ,11 inventions to be searched, the appropn.te add.t.o„al search fees 
must be paid. 

Group 1. claim(s) 1-36. dmwn to . method and appamtas for coalbed gas p«xluction including mearts for sUmulation gas 
injection and reducing water production. 

Group II. cl.im(s) 37-70. drawn .o a method and appa-ams for eol. bed gas producdon via gas injection based on 
detenntned characteristics of the. coal bed. 

Group 111. clain.{s) 71-95. dmwn H, a nrethod and appatatus for producing coal bed gas by establishing an optimum coal 
gas production rate. 

Group IV. cl«ms 96-124. drawn to a method and apparatus for coal bed gas production form a c^l bed having a certain 
water per;.e.bili.y cban«:.erisdc including a step of «.d mean, for allcHng such water penneabihty cha,ac.enst«=. 



The inventions listed as Groups IJIJII and IV do not relate to a single inventive concept under PCT Rule 13.1 because, 
under PCT Rule 13.2. they lack the same or cooesponding special technical fean-res for Ae followmg reasons: 

Each of the ab^e groups specify or include a special technical fca.ure<s) wh.ch .S no. present, or .nctoded .n 
the other groups. For examplTthe Group II invention calls for injccdng a prcde.em,.ned or ca culated vo umc of 
sLuUtinl gas. which said step or means is not present or required in the other groups. Only the Group 111 mven^ 
«Ll..es of determines a deJrption rate for coal bed gas «,d then established a coalbed gas removal rate never^s 
Zn said calculated deson>.ion rate. The Group 1 and IV inventions recite respeeUve or different techniques for water 
control in conjuntion with coal bed gas production. 
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